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U.S. NAVAL OCEANDCRAPRIC OFFIC~ 

-., 4P'T.4CT --
The Naval Oceanograph:Jc Office conducted tva field investigations of the currentn and 

coral reef ecology at I!~ml during vinter and summer 1971. These investigations were 
made to allsist in plr.nn:1 ~lS the locations of proposed sewer outfalls and to deternd;r:e 
the level of sewage t~~~tment required to pr~vent toxic leveln of pollution cn thu 
beaches of Guam snd ecolcgicnl damage to the surrounding coral recf~. 

Curr~nts were observed with current meters, parnchute drogueo, and t!yc injectious. 
Permanent ecological monitoring stations were installed 011 the reef. At thc ne s t a-

tions, the sessile organisas were identified and charted, unde~ate~ photcz=aphs ver~ 
taken and photomo8oics coO\structed. and various individual organlDmS were photographed 
close-up f~r documentation. 

The most favoroble loc~tion8 for 8 sewer outfell in the Bile Bay area appear to be 
at Fscpi Point and off the extreme southwestern end of Cocos Island. 

The outfall at Tantapalo Point appearG to be in a more favorable location th&n the 
Agat outfall. 

Th~ Agana outfal\ place9 the effluent close t<> ~re8B of hibh r~c:entlonal UDe. 
Eventual replacement of this outfall with OQ~ at th.~ Cabras Isl"od loc3tion should be 
consi.iered. 

Ague Point appears to be the ideal location for an. outfall north of IICS Benoh, Dye 
at this location consistently moved either northerly or directly out to sea. 

The established ecological ~onitoring stations should be monitored periodically to 
detect the effece8 of continued military and civilian const~Jction on the island. Horp 
stations ahoahl he installed tq include tbe locations of propoGed out falls and future 
construction. -DD FOR. 1 "7':1 
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FOREIIORD 

In response to requebtB from ti.e Pacific Naval Facilities 
Engineering Command, the Naval Oce~nographic Office conducted 
two environmental-ecological lurveys at Guam in 1971. Thia 
report publi.hel the results of theae investigation.. It 
not only provides answers to the problems of the requester 
but adds considerably to the knovledge of the current. around 
the island. The ecological study, in turn, provide. a ba.i. 
for monitoring the coral reef habitat for any cha~ges caused 
by man or nature. 

A..J/~.4-I.~ ~.-V.¥~EK 
Captain. U.S. Navy 
Commander 
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I. INTRODUC'L'ICN " 

The Naval Oceanographic Office initiated a study of nearshore 
current~ and co=~l re~f ecology of the island of Guam, Mariana Islands 
during 1971. The -rudy was designed to assist the Government of Guam 
lind the U. S. Navy in planning the locations of proposed sewer out.fails 
and in d~termining th~ l~vel of sewage treatment required to prevent 
toxic levels of poll-lt,;ou on the beaches of Guam and ecological damagc 
to the surrounding coral reefs. A nearshore ecological study was in­
itiated to provide an er~logical ' baseline whereby ·changes in the coral 
reef communities can b. detected and .the causes determined, wheth~r 
natural or manmade. 

A. Approach 

Two field investigr.tians were scheduled to be conducted during the 
maximums of the summer and winter climatic conditions. The winter sur­
vey was made during th~ period '4 February through 3 March, and the sum­
mer survey was conducted from 19 August through IS September. 

Nearshore currents vere investigated through the U8~ of arrayed and 
bottom-mounted current meters and drogue and dye tracking. A coral reef 
ecological investigation va. initiated in the vicinity of present and 
proposed ocean outfalls snd at other selected aitea. A general ecolog­
ical investigation of the coral reefs was made durins the initial 
(winter) survey. During tbe swmner s'urvey, eight ecologics1 survey 
areaa (quadrats) were established, Figure 1 shows a summary of t~e Work 
conducted during the two Lield investigations. 

B. Previous Investigations 

Nearshore currents in the vicinity of Agat and Agana were briefly 
investigated by th~ Pacific Islands Engineers (1951) during 1946 and 
1949 with the use of surface drifters. Their studies, Yhich covered l­
and 2-day periods during the months of February, March, April, May, 
June. July, August, and September, rev~,led westerly currents at both 
loeations. 

The Marine Laboratory of the University of Guam cond~cted a detailed 
study of the Agoan out <all from September 1969 to September 1970 (Jones 
and Randall, 1971). TI,eir investigetlons included a currente study of 
Agana Bay and the ~~ana reef flat aad an ecological study in the im­
mediate vicinity of the Aganll outfall . Their current meter and drogue 
data indicated 0 predominance of Douthwest currents t.hat varied in re­
lation to the tidal phese. 

Tracey et a1. (1964) reviewed the literature on the scientific 
studies of Guam. Th~ major emphasis of these studies was on terreatrial 
and marine geology. 

1 

' .~;.: .. r~~~.~·~a4_----·-----·--· -... - ---~-- -- ,.- .. . ,, ---- -- -.-. ------.---.'----.- . 

• .... '~" " ___ 'i4. .... _. ,_ .... __ ... ~ •• 1 •• , .. __ ............ ..:. ... ....~ . , : 

.. ~ 
/. , 

\ , f .-f 

- . ... - ... --==----
.. 



I 

! 

IU040'E so· 
r 

r iii'DlAN ~CnON -;;";".-1 
I I 
I 1 
I Uti.. I 
I U AUG.. I 
I 410.404 •• .,0 I 
I ,. AUca,. I 
, ". AUO.· 

I U AUOII 

1 1/ .... , 
V .... 

. ~ -
GUAM, MARIANA ISLANDS 

11 ..... " 
I.~ I ' 

l'f I '; 
1# I 1 

{;.~ I 1 
I .. I 4,0 1 r,------------7--'m I 

AGANA!Kt1ON /' SI';" :I .. _TA_NGUI_55~~"T. __ .J I I 1 Un.. _ 

I I lSl"'_1 1 
I I. 1 
1 <. I , 

rAGAT 5fcfiON'-----1 '''~f. '\I~' ,0JO I I 
I n PI." \"1"1010. 4'. ..tu:r. Sill, ,.. f06 1 / 

, AU. I ' OANAi 1 I ,i,...· 1"\'.41 .... 11 .. , . 1 

I 2P 4"oj) AUG. ,uo '..... II 
I un ........ ) 0° ...., 

I 22 ,,,..,... I ",,':.:.':.' _,...,.rtJ I 
" AUG. I :10 A"'G. b.!!;.,:. __ _ _________ ..1 

, un.. ........ :lU 

2'..... 21 I lOAUJ'..JSPI I 
I u ..... ' ''0 AUG. AGAT 

" 
•• "AUGII. I :I. :l1In, 1 

I I 
I I 
I I 

•• 

LEGEND 
Don UUlcnoH 

I" \ I 
13·, I .,., 40$ ,,":..;;'"c:A::'::' 0:iw,;JIL _______ .s;'; 

, - • ..". Ilr .. 

fr· ~-----"U""''''j!'!!rA BAY 
.OUADII',I 

o cu!lu:tt MUlt 

, 4U L.: \ 
I , \ 

\ • Uti,' \ 

\ \ 
\ .une \ 

\ "fAllOW .·.'LE on, \ 
\ 41' ,-" 

\ IU" \ 

\ \ 
\ 
\ 
\ 

\ 

4UO 

\ -"" " \ ... O'~/ 
\ ".,,\"r ..... 
V'" 

l,..·.O'E 

• DlceU! INJect.OM 

4nH PIOm! 

Figure l~ Summary of survey operations conducted during two field 
investigations February - Harch 1971 and August -- September 1971. 

2 

•• 

.r 

IS' ,.,. 
H 

1 __ . ______ . __ -
-~ . -· · ---"·----·-·~-~J:~w.::;. ... ~ .. 

j 

-....• ~ . 
:::---------- . ..:. 

"' _ ....... ~, . . ... .. .: ~ _ _ _ ' -'- ... _ .. . ~ __ .... ': :"._"~.,, ...... ... '~ • • • --''' "' .I." 

/ \ _ ... - .' 
\ 

,. 
i .' 

.j 
I 

.-
.'. 



I 

" 

" 

-_ ... 

, ~ . ,- -~ - " 

<,> .. '-. 

. \ 

~ -' , 

,, ' 

\ 
'-.; " 

I 

, , 
, \ 
:'.- ' ... . 
~ ~ . 

',';. 

I '! -.', . 
~.:. 

,. 

, ' .. , 
.~ \ 

:. \ 

~= ; .: • 
; -. 

" 

" 

Coastal marine geolo;J,fcal studies of C:uam that have ecological 
application have been co~ducted by Johnson (1964). Emery (1962). and 
Tracey ct al. (op, cit.). The paper by Tracey et al. presents a bri~f 
discussion of the "este.'n fr!1'ging reefs of Guam. 

Of immense value to the ecological portion of this study was the 
work done by Cloud (1959) at Saipan. Mariana Islands; ~n island envir­
on~entally s1~ilar to Guam. Cloud presents a detailed description of 
the reef and discusses the shoal-water ecology. 

II. METHODS AND PROCEDURES 

A. Currents 

To determine the probable route of pollutants, water currents along 
the coast of Guam were observed usiug dye injections, parachute drogues, 
aod recording current meters. 

At selected are~ along the const. rhodamine (types W.T. and B) and 
fluorescein dyes were injected by either wading to the outer reef flat 
and du·.ping liquid dye or by dropping aolidified dye cake arrays from a 
helico ', ter. The pattern of dye dispersal was then photogr"pheci and 
chartelo..· from a helicopte,: to determine surface wate:- trlt:'lsport for the 
period during which the dye patches were observed. Tidal and meteoro~ 
logical data were obtained for the dye dispersal period. to discover 
their influence on surface water movement. 

Parachute drogues were deployed at various locations to determine 
surface ~ater movements. Each drogue connisted of an 8-foot (2~4-mecer) 
aluminum .ole ("ith flag) inserted through a styrofoam float. An 8-foot 

, (2.4-meter) diameter parachute "as t 'ethered at 5 feet U.S mete'cs) . 
The drogues were tracked by radar range and bearing fiAes. Richardson­
type, film-recording current meters were installed on bottom stands and 
deep water arrays. These meters used a Savonius rotor for speed sensing 
and a ·:.2.n" that aligns ·..Iith the current for dlraction. The dats obtained 
from the l .etel:S were coded on photographiC film and were decoded Bnc 
placed on magnetic tape for computer proce8s1ag~ The co~puter provided 
a separation of each current vector into north and east comp0l1ent8 and 
an average of the 10 vectors obtained during each 50-second sampling 
period. The data were then machine plotted to provide a graphic display 
of all the data for the study pariod. Machine plots included current 
speed and direction histograms and frame n~~ber versus speed and direc­
tion. Progressive vector diagrams v~re constructed for Dclected data 
oegments. Table 1 summarizes the current meter implants and presents 
maximu= aad modal speeds for each Qeter~ 
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Vater Meter Speed ieC;orde-d 

LocaeJ.on Heter Data Periotd Depth Depth (knot.~) 

Sutloft .... r..(N) Lona . (tl Number Surt. (Len End (LeT; ~ethoc1 (t"c . ) (Ft . ) Mu.~1II\la t'.u4al 

Cocoa U"U'SO" 144"38'10" 418 1145,28 Aulr. In:., 
BotCOll 

" • 'e, StOlind .0 0.6S 0 . 0) 

Herbo 1)"16'15" 1U")9'U" 40' 113D.:U AUI 12SO, • Sep 
BottOll 4. 
Statld 

lS 0 . 11 0 . 09 

111. U"16'36" 1""39'06" 22' 1110. 7 reb 1330, , .... lIuoyed 200 ,0 0.30 0 ,('6 

Illa U"16'0" 144 ~)9 ' lO" 412 1318,11 AUI 1108. 'S .. 
Boccali '0 " O. ll O.UIo 
Stand 

Sella n"19')S" 16'·)8'40" 416 1241.%8 A'Ja 1037. 9 5ep 
Bottce SO Stalld " 0.40 O.OS 

raepl 13"10'30" lUe 31 ' loS" 40' 1430,U "u, 1020, 9 Se, 
aouoa. SS 
Stalld 

SO 0 . 99 0.11 

Alae 13"23'18" 144·38'30" 175 1100.11 Feb 1310. 2114. 
BottUil lS ,0 0.19 0.00 
Stalld .. .... U"2l'3S" 144")8'50" m 1520,11 AUI 0916, , So. Bc:Itt02 .. 44 O.ll 0 .04 
Sr.rad 

TaataDal0 13"14'57" 144"38'25" '2' 1130.11 Fe' USO, 2 ~r 
!IottOD 

OS 60 0.l4 0.0' 
Staad 

I TuUpala 13"25'00" 144"38'1,8" 21l 1745. 7 'eb 1,945 , 9 feb 1uD,.d %10 SO 1.00 O.Ll 

Taatapal0 1)"24'50" 144"38'25" _u 1015.72. Aul 0900, 9 Sep 
BoctOIl OS 60 0.55 0.05 
S .. nd I ;'lIr• 13"17'00" 1""38'00" .lZ 1600" 5 reb 0600. e r.b ....... 125 110 O. SO 0.05 

BoctMi 
Apr. 13"21'10" 144"38'40" 4:;0 1415.13 AUI 0255,26 Sep S .... UO 125 G.OS 0.00 

Orote 1)"28'20" 1'''''37'09" "'. 15'0, , '" llSO ,110 Se:p iuoyed 2,71.5 ". 0.89 O. U 

Oroee 1)"21'20" 14'·37'09" 42' 1310, , Sep 1350,141 Sep Buoyed 2,775 1,3419 0.64 0.07 

Oroc. ll"28'20" 144·37'09" aU 1320, , So. 1510,110 Sep ....,. .. 1,715 2,740 O.ll 0 .01 

cabra. 13"2S'OO" 1"-39'24" "1 0010,2' Feb 1430. 2 H&r 
Boct_ 40 " 0.,9 O.'U 
Suftd 

cabra. 13"21' 0'" 1104"39'''''' 41. 1120,12 AUI 1110,12 Sep BoUOIt S5 50 0.29 0.01 
S ..... , 

t : . ..... ll-19'06" 1"'-'5'30" 3' .• OSOO,16 r.b 1350,19 Feb 
BottCIII )5 ,0 0.88 0 . 15 
St .... ...... 13"29'12" 144"4.5'30" 10' 1610, 6 F.b 151.5,2 H..ar ho,ed ,00 .0 0.,0 O. OS 

. , >. ,.. ,-' .. 

ARana 13"29'15" 1""44'40" 40. 1210.22 AUI 12.30.1.2 S •• 
Bo."", 65 '0 0.36 0.10 
Stand 

'pa. 11-30'40" 14,-46'55" ... 1110,24 Au; 123(),12 Sop !otcoc 120 liS 0.27 0 . 06 
Seand 

Faf&t n"31': 0" 144"47'50" 421 1456.22. I.UI 1320.12 5 • • 
lotte. 100 ., 0.35 0. 00 
S ..... 

Taralul.aoo 13" l 2'36" 14'''47'':'8'' ". U05. 6 Feb 1145,12 Sep ..... , ,00 SO 0.14 0.07 

: BottCICII 
Tanaulaaon 13"33'25" 144"48'25" 41l 1410,12 Au, 2020.22 Au, S .... 

SO 45 0.27 . O. ll 

HUaan 13"33'50" 144·48'SO" 410 1130 . 2" Au, l1Z0.U Sep Botto. 

" 70 0.40 0 . 04 
Suod 

R.1ttdUIl 13"41'42" 14",·51,,8" 42. 1017,21 AUB 1167,13 Sap 8uofad 1 . 200 B' o.n o.n 

iitidiaa. 13"'1'42" 144"51'3'" 404 1120 , 25 Aul 1410,13 S#.p .... , .. 1.200 200 0.92 O.ts 

I1tidiaD 13"41'42" 14,"SI'l'" 417 I S!O,25 AUll 1430,11 Sap BuoJed 1.200 1,16) 1.91 0.56 
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B. Coral Reef Ecology 

During the winter survey, preliminary ecological data were collected 
in the vicinity of present and proposed sewage outfalls and at Sella 
Bay. Utilizing snorkling and SCUBA apparatus, oceanographers exoensl'/cly 
photographei and deacribed eight reef areas. The results of these' ef­
forts are ;,reaented in the intp.rim report of the initial field survey 
(Naval Oceanographic Office, 1971). 

Based on ~nalysis of the data fro~ the winter survey. eight loca­
tions were selected for- installation of permanent ecological monitoring 
stations (quadrats). These quadrats were splected to be representative 
of various reef environments in areas of expec ted pollution as well 05 

cont~ol areas not likely to be subjected to pollution. 

Each quadrat' i9 10 metera (32.8 feet) square and is 
nine smaller squares, 3.3 meters (10.8 fe~t) to a aide. 
permanently mark the co~ers of the quadrat. 

divided into 
Concrete blocks 

The ae.sile organisms located within the quadrat ver.e identified and 
charted on l~nderwater slates.. USing underwater photogrammetric tech­
niques, the entire quadrat vas photographed and a photomosaic construc­
ted. From the underwater chart and the photomosaic, a chart of each 
quadrat was COQstructed showing the distributIon and types of bottom 
organisms. 

In addition. various indivi~ " al organisms within each quadrat were 
selected for close-up photographic cfJcumentation. 

III. RESULTS ANO DISCUSSION 

A. Currents 

Guam lies directly in the path of the North Equatorial Current, 
which sets westward across the central Pacific bet~en 8° and 15° N. 
The average surface speed ranges from 0.3 to 0.8 knot (.15 to . 40 m/oec)", 
but speeds of 2 kno~9 (1.0 m/uec) can be rear.hed during s erong windo. 
Surface current diract10ns of the NQrth Equa torial Current vary froo the 
tnl quadrant during winter to the SW quaurant duri ns s ummer. The presence 
of this major ocean currene sweeping pa~t the island is undoubtedly an 
important factor controlling nearshore currents, especially along the 
east coast of Guam and at its northern and southern ~trem:f, ties. 

Tides ae Guam are semidiurnal with c"ns1derable diurnal inequality. 
The meaa range is 1. 7 feet (.51 meter) .:-• .d the diurnal range (difference 
in height between mean higher high water and mean lower low water) is 
2.4 feet (.72 meter) . Tides are a ~ajor current producinG force espe­
cially in shallow vater and in restricted channels or straits. Because 
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of the large diurnal inequality, the differences ' in heights between 
hiClu and lows mua t be considered ao lIell a. the timea of highs and lows 
when comparing tides and currents at Guam. 

Winds are an important factor influencing surface currents. Strong 
winds tend to mask the effects of other current-producing forces. Guam 
liss in the belt of northeast tradewinds. Tradewind flow is dominant 
during all seasons, but it is especially pronounced during the ll1nter 
season (January through May). During the summer season (July through 
October) the effect of the tradell1nds is somewhat diminished, and ll1nds 
from every direction are no~ uncommon. Typhoons are most frequent dur­
ing the summer aeason, and although they are common in the vicinity of 
Guam, none affected the ' area during the periods of data collection. 
Figure 2 shalla the speed and direction of ll1nds observed at the Naval 
Air Station, Agana durins the periods of the tllD field surveys. Figure 
3 presents s comparison of wind roses for historical data to ll1nd roses 
of dats for the survey period.. This comparison reveals considerable 
eimilarity between the historical data and observed ll1nds during 1971. 

To simplify the presentaUon and cr!scuaaion of current data, the 
wast coast of Guam hea been divided into f~ve sections as shown in fig­
ure 1. 

1. !~le Section 

This section include. the southern tip of the islsnd to as far 
north as F"cpi Point. 'The coar-tUne between Fscpi Point an,d Cocoa 
Lagoon 1a veIl sheltered from the dominant northeast tradell1nds and from 
. he direct influence of the North Equatorial Current. As might be cx­
fo ''lcted, the current meter dsta and dye observations show Chat, with the 
exception of the southernmost meter. currents. in the section were pri­
marily controlled by tides and local winds. 

A single currP.Dt meter ('223) lias installed in this section 
during the winter survey. It va. placed at the SO-foot (lS.2-meter) 
depth on an array in 200 feet (61 moters) of vater off nil" Bay, a pro­
posed site for an ocena outfall. Figure 4 presents current speed and 
direction histograms from this meter. The current direction histogram 
portrays a dominant easterly flow. An analysis of this easterly flow 19 
illustrated in figure S. which portrays a ohort segment of the current 
meter data in the form of a progre~stve vector diagrp~. This diagram was 
constructed by aligning hourly current vectors so that the origin of each 
vector is at the end of tho previous vector. A progressive vector 
diagram can be regarded as a chert sholl1ng the path of a vater particle 
88 if it were continuously oubject to the current at the meter location. 
The actual situation may be much different, as the linter psrticle 1s 
aubjece to different and unknown currents as ,oon 88 it leaven the meter 
locat1o:t .. 
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Figure ? sho~ that eurrents at meter 0223 progressed primJrlly 
in a series of northeast and southeast excursions. This can be inter­
preted as a steady easterly flow superimposed on a periodic north-south 
current. The exact character and origin of the periodic current Is 
indefinite. Major ehanges in direction occurred at 4- to a-hour intLr­
vals similarly to the tidal changes; however, correlation of these 
ehanges with tidal highs and lows is poor. ,The periodie current prob­
ably results from a eombination of tidal and local meteorological effects. 
The steady easterly drift is interpreted as part of an eddy currznt 
created by the strong flow through Hamaon Channel. The presence of a 
similar eddy on the south side of the channel is evident from the dyc 
dispersal study conducted on 3 September (fig, 20). 

Five current meters were installed In this section during the 
summer survey. Their locations and the resultant data are plotteJ in 
figure 7. Meter U412 was installed in Bile Bay on a bottom stand in 50 
fee: (15.2 meters) of water. The meter recorded very slight currents 
raneing in speed frog 0 to 0.23 l<aot (0 to .115 m/sec). The greatest 
number of obsp.rvations was of currents flowing north and south-southwest. 
Figure 8 presents a shore segment of the data plotted as progressive 
vectors. Any correlation of currents with tidal highs and lows i. 
questionable; however. there is some evidence of a Slightly stronger and 
more consistent flow befora and after the major law tides. The progres­
sive vectors illustrate the rate at which a pollutant would be carried 
away from Bile Bay, if it were continuously &ubject~d to the currents 
recorded at meter #412. Over the 3-day period the net transport was 
slightly legs than 2 nautical mile. (3.22 km). 

Dye studies condueted in the Bile Bay area confirm the pattern 
of sluggish water movement (fig •• 9 through 20). In all C<lses, dye 
released near the shore spread out all~ng the coast rather than moving 
o~t of the . Bay. Dye released in Bile Bay remained 1n the area and was 
visible for exceptionally long periodo of time. Dye released at 0905 
hours on 31 August (fig. 17) was still present as a l nrge patch 3-1/2 
hours later. A similar situation existed d .. ,rir.6 the winter dye dispersal 
studies (figs. 9 through 13) in which dye remained in the area for up to 
4 hours. Dye obse1.'"Vations roughly parallclud the data recorded llt the 
current meter, indicating that the current met e r record is fairly rep­
resentative of water movement in the entire bay. 

Current meter 8407 was inotalled at the 40-foot (12.2-metcr) 
depth at the entrance to Hamaon Channel during the summer survey. This 
sita was s elected to determine the exchange of the waters of Bile Bny 
with Cocos Lagoou, an important recreational area, nnd to what extent 
pollutants originating in the bay would a f fect Cocoo Lagoon. Current 
speeds ranged up to 0.77 knot (.39 mIser.) with a relativ"ly large number 
of observations over 0.5 knot (.25 m/sec). The direction. plot shows that 
currents were bidirectional, but that the predotdnant flow was easterly. 
Current directions generally ehangp4 in coneert wit~ tidal cyeles as 
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ahown 1,n the progressive vector diadr .... s (figs. 21 and 22). During the 
period 21 through 27 August currents through Mamaon Channel varied be­
tween inflow and outflow but were strongest during inflow. Figure 21 is 
representative of this. period. Outflow was predominant from 28 August 
through 9 September. Current .peeds increased. becoming greatest around' 
the major high tide of the day. Figure 22 is representative of this 
period. 

If Cocoa Lagoon were filling and emptying exclusively through 
Hamaon Chanr .1, a periodic c" rrent would exist equal in both directions. 
The vector diagrams illustrate the presence of another current which ' 
flows primarily westward through the channel. The origin of this steady 
currer.t is the filling of the lagoon by the action of waves of trana­
lation carrying water across the reaf flat. This wave-induced current 
18 greateac during high tides when larger waves can crOSB the reef flat, 
aad for this rea~on higher currents vere recorded ~t high tide. 

Although the dominant flow was westward tbrough Mamaon Ch .. ~"el, 
it must not be assumed that pollutants dumped near the channel would 
invariably be carried away from the lagoon. As shown in figure 21, 
before 28 August, currents carried water from the Philippine Sea through 
the channel and into the lagoon. This situation was probably created by 
a temporary change in the direction and intensity of wave attack. 

Current meter 1418 WaS installed on the bottom in 95 feet (29 
matera) ~f water off the southwe.tern tip of Cocos Island. Current 
opeeds up to 0.65 knot (.325 _!aec) were recorded; however, most speeds 
vere very low. These low speeds were probably due to the presence of a 
precipitous slope rising just cast of the meter locaticn, blocking the 
flov of the dominant northwesterly currents. The source of the dominant 
northwest drift is probably the North Equatorial Current. Very little 
periodicity is evident from the data recorded • 

C~rrents at Sella Bay were investigated by means of eight dye 
dispersal operations (figs. 23 through 30) and the installation of cur­
rent meter 0426 on • bottom stand at 50 feet (15.2m.ters). This meter 
recorded .rery consistent currents flowing north and west. Speeds vere 
most cammon in the range of O.O~ to 0.11 knot (.025 to .055m!sec). The 
current direction histogram shows a complete lack of currents in the 
,outheost q,~dront. This was Qot due to any local topographic obstruc­
tion, because the aetc~ WDO ins called on a flat bottom with no algnlfi­
c~~t relief. Figure 31 eXaQines a 4-day segment of the data in more 
detail. This illustration po~trays a 8eries of north and ~est projec­
tiona resulting in a net north",est movement. Currents here were strongly 
influenced by tides; the northW3rd projection occurred before the major 
lo~ tide of the day, and the westward projection occurred after the major 
low. Dye injected into inner Sella Bay moved more slowly than that in­
jected near adjacent points. 
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6426, 1747, 28 Augus t to 1647, 1 September 1971. 

Current meter ' 405 wa. in.ta lled on t he bottom off Facpi PoInt 
in 50 feet (15.2 meters) of water. Current speedo recorded by this m~ter 
vera the highest in thi. aection. The direction histogram show. the 
greatest number of observations to be north and south. Currents were 
strongly related to tidal ChOOg8.; flowing northward during ebb tide and 
southward during flood (flg. 32). The oorthvard flow during ebb i. 
8imilar to that at Sella 84y, but at 8reat(~ .peed. 

Four droguGs were plaated and track~d in this section during 
the .""""er fiold ~urvey (fig. 33), Three of the drogues .. oved to the 
.outheast for the first 1-1/2 hour., then they turned northeast for 2 
hours and would have beached had they not been retrieved. The southern­
most drogue goved consistently northeast before shoaling. 

41 

~---.------.-------------------

.. • ..,. •• '_L ,',,- .. ~ •..• . .. 

-, 
.. 

, , 
.' 



;',; v,' 

~:i. • ~. " -, ., 
.' ~. . /~ 

~ ' . ~' ~4 . 

: r;::.~ 
'?~ .~ 

.. -
~ ;f~ 
I '. , ~, , . 

i : '-.. · .. : ...... - -,.:.. ;:-
· \ l' 
)< 

' .:::...- . . 

" ' . 

I ::'"~ " . 
:j1r::-" 
, 
i . 

. ~ :- ' 
~ ., . > 1-.. . ,. 
_ ,l.:~· ·t 
(" <'f ' 

1- " '1 ~ 

.?~ ': ~ . . 

~ . . .. -. ~ i .. ' .~ 

'1: ',' . 
'. --f : ... 
\ ,.~ 

.• ~/ ' ... 

J,/~ 
·,),, \1 

1 '1 j 

1', ~~ 
l :. ;I¥ 
-..:..:.- .. 

... ~.;;! j .... 
I , 

I I \ 
. 
~ 

! '-

\ 
: 1 

I 
I 
I 

, 
i 

J 

1320 
SEPT:19 I 

0420 

1320 

0120, 31 AUG. 2~20 

LEGEND 
L - LOW TIDE 
H- HIGIi Ti tlE 

0420 

SCALE 
0.0 1.0 

£ a; 
NJoUTICAL UILE 

N 

H 

L 

1620 

1320, 28 AUG. 1971 

Figure 32. Progressivo vecto~ dlBgr~ of current from meter 
'405, 1320, 28 August to· 1320, 1 September 1971. 

Based on the current data collected during this fttudy, Bile Bay 
appears to be a . elatively poor location for a Dever outfall. Sewage 
discl ... rged into the bay vill be caught by slowly eddying currents and 
will remain in coaDtel waterD for locS perio~. of time. Slower exchan; e 
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DC waters C4n be expected in bays and other semlenclosed bod 10ft of 
WAter, and therefore leas rapid dispersal of pollutants than oCf more 
exposed coastlines such as headlands or prominent points. The moat 
favorable locations vithin this section would appear to be at Fscp1 
Point and off the extreme southwestern end of Cocos Ielond. Komatgun 
Point or Fauha Point may a1ao have more favorable currents thAn does 
Bile Bay; hQ'~er. a study of those locations would be necessary to con­
firm thia. 

2. Agat Section 

This section comprises ' the w~stern coast of Guam fro3 far.pi 
Point to Apra Harbor. Currente in this section vere investigated by 
means of current meters At Agae, Tantapalo Point, Apra Harbor. And on 
array of three meters off the vcstern end of Glass Breekvnter (fl~ •• 34 
and 36). Dye dispersal studies were condu~ted at Agat and T~ntapalo 
P01D~. Drogu~s were released and tracked on five separate occasions. 

Current meter 1175 va. installed during the vinter field survey 
Oft a bottom stand in 35 feet (10.7 meters) of water approxinately 300 
yards (274 meters) directly offshore from the Agat s~er outfall. This 
meter was located very cl08e to the reef margin and in relatively nhallcw 
vater. The histograms (fig. 34) shov very slight currenU setting mostl)" 
parallel to the shoreline, hut the effect of vnve action is ovident by 
the frequency of currents setting nor.nal to the chorelin~ . Figure 35 
e%aminea a short segment of the data in more detail. The net drift dur-
1t8 the time of observation was to thu weD~. Currents set generally 
eo.ltbvest on the ebbing tide and north during flood • 

Current meter 1427 wae 1n.talled during the sucme~ field survey 
in slightly deeper water (49 feet (14.9 meters» and Rever~l hundred 
yards further offshore than meter 1175. The direction histogram for 
meter '427 shows a more exaggerated northeast-southwest alignment (fig-
36) th~~ the shallower installation. In addition, the vinter data frOD 
meter '175 ahoua BQuthweat currents to be do~1nant, wherr.aa. the cummcr 
data from meter 1427 shows D domin3nCQ of northeast currents. Faster 
currents ~re 4190 recorded in th6 du~cr . 

Tva dye injectious were made nCBr thA Agat outfall during the 
vinLer field survey (figs . 37 and 38), and nine injections vero made 
during the summer surve~ (ftga. 39 through 46). Dye injected and 
tracked near AlutOQ Island and N1M1t. Beach incicated a slow southerly 
drift along the reef margin. The general pattern that emerge. from the 
dye studies at the Aget outfall is that of sluggish eddrlng current •• 
On tve occasions (fl.Ca. 39 and 42) dye depoa1ted near the mouth of the 
outfall moved over the reef flat anu sprel!d out along the shoreline • 
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Current meters were 1n~tallQd at 1.z.: -1tBpAlo Point during "oth 
vinceI' nnd 5Uc:lDCr field tlurve),8. Tru!!, were plilced ('In a bottlJCl: stDnd in 
65 (Poet (1.9.8 lII'tera) of \later 200 reet (61 ... ters) frona an outfall ~'h1C!> 
dumps aevage over a cliff into the vater. Data frca meter 1323, installed 
during the winter field survey, are presented in fir,ure. 34, 47, and 4B. 
Most of the cur~entR observed Clowed toward the vest: however, the direc­
tion hl!1togrsQ uhuva a secondary peak toward the southeast. Current. 
speeds ~ere strongly influenced by tides. The highest current l~eed5 
occurred 1 to 2 hours after aBet lov tide. Currents were westerly dur1~~ 
the p~uk flove ch~ngin8 to .outh"".ter1y after each high tid" when 3p •• ds 
were least. 
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!o':lguro 1,7. Curt"ent speeds ver9US tideD froll meter 1323, 0000, 
15 Februery to 14GO, 20 February 1971. 

H 

I~r ._06-11:..0_0 ___ -,_~tH--'"L--kH~--t- ~~_ ! . .. .... ,..l... '13 FUl 

o " F~B. L ~ }OOH 

LEGEND 
L-LOYI TiDe 
H- HIGH TICIi:' 0 .0 

I 

SCALE 

I/AUTICAL MILE 

10 
I 

F1gure f, 8. rrosr~81ve vector diagrnm of current from meter 
#323, 0800, 13 February to O~OO, 15 February 1971. 
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A similar situation CXiDtcd durin~ the n~er field survu, nQ 
shotom in the data from netcr il429 (figs. 36 nnd :.9). Pear. specd,. IIC­

curred during rising tide and loW'er speeds vere ft"cordcd durlnp, ebb. 
Speeds were generally hiGher durln~ the summer, reaching a maximum of 
0.55 I:not (.275 1lI/."C). CurrentB floIJed northveBt during Hood lind 
were variably southeast and n~rthwest during ebb • 

--~ .. ''''uo 
--11U.( CUt .. , 

or 

-----------,,;;; .. , ... , 

"., 

. 
I ~ 

~~.~:~.-;.~.~,~.-7. •• ~.~.;-~,.~.~.M.~~,,~.~.~ 
n _!.IIi D aucI I" IlA 2!1~ noon 

, .. 

I 

Figure 49. Progressive vector diagrnm of current from aeter 14l9, 
1105, 22 Augunt to 1005, 24 AU8u~t 1971. llnd Cl.&rrent speeds V(!ruua 
tide. from 1200, 22 August to 2000, 25 August 1971. 

Two dye patches "'-ere tracked off 'rantllpLllo roint on 10 Fobruory 
(fig •• 50 and 51) " r&d an R~r1al photogr aph "n. tDk.n of the · &e".~" ef­
fluent on 26 February (fig. 52). Dye and s .... ago movecents confirlncd the 
general p&ttern shown by the current mete r datn. Fau~ dye injcctlona 
wer .. !IIaee off Dadi neach during August and r.~pt~mber (figs. 42 throu~h 
45). Three of these "ere observed during til , flliling tide and Bho"ed 
sluggish eadyine "Currents. One dye patch, obl' I' rved during flood, \JUII 
subject to a relZltlvcll-' strong current setting to the south (fie. 42). 
This southerly flow during flood was exac:1y oppo.ite to the senoral 
pattern at Tantapalo Point and illustrates the eddj·lng nature of tho 
currents in Agat Bay. 

An array of three current meters wau Inatn4.~ U~r Orote Pen!n­
sula during the uummer survey. Curr~nts cecre3Ded in speed ~lth depth, 
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figure SO, Dye move=ent at Tantnpa1~ Point on 10 february 1971, A,~. 
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Figure 51, Dye movement At Tantapa10 Point en 10 February 19;1, P.~. 
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.ttolning " 04>:1::= "Peed of 0.S9 kn"t (.44S .. /eee) at tl:o> Rh~llow.t 
meter nnd n 04X~u::a spilcd of 0.33 knot (.165 Co/sec) lit the dcepes't ~'::('It" .. 
The. current d!:cc tion histosro.::s uho,"" 4 northc.1st-6outln .. <CQt orlcn u, tt~~""':. 
for the top tint! Qiddl(! cetcr" but an alcost circuLnr pnttern for thll:!' 
bottom meter'. 

In r1sure. S3 olld S4 the relationship of the dllta to tides AOJ 
times elln be ex.&:lincd morc. closely. At clc!dcpth currt!nta flc","ed !Oou,h­
\lest for 2 to J htlUfS before Bcd after ea.ch lov tide ~'nd rt:ach~d 11 r.-"'''''U',A. 
speed approx1::.4te.ly at the time of 10\01 tide.. Stollarly, currents fl .... "''''...:. 
northeast for .approximately 6 l!ours around hiSh tide and rc.s.ched nnotht-t' 
maximum upeed At about the time of hig" tide. 

Th~ .urCacQ ~eter shaved B slm!lnr but orpos1t~ pattern durir.~ 
the late ev~nins and early morning hours; the £lev being southw~Bt ~t 
h1gh tide and northeast at lOll ~ide_ Bctlleen opproxi .... tcly 0600 houu 
and 2300 hours on 6 S~ptc:llber D. consiat~nt louth",-est current \l'ol5 re­
cordod. A m.x~um speed was reached during the times of high tides AL~ 
a minimum speed was reached at the time of lo~ tides. This petlod1cllY 
resulted CrO:l .II; steady Bouthvest current be!.ng reinforced by th..J tidAl. 
current during hiSh t1de. The BOUrel! of the steady current V4S prL'''' 

ably the 10 cd "lnda that re.ched highest velocities at lIIilld"y and ,liN 
down dur1ng late evening. 

The .bottoa :::Doter :ecQrded very slugS ish currents that varied 
in opeed and direction without revealing Any def1a1to pnttern. !hi. 
meter II •• (laly ,IS feet (10.7 aoten) "bove tho bottom and a1'ght ha\',­
boen «(footed by bottoc topography. 

1'1.10 current rnet~r& tlere ins~Alldd ncar the buttoCl in Apt"a 
Harbor dur1n~ the \linter sut."'V~y and O"lC dU1'"iog the su~cr survey. Ttl("'(o 
all recorded slight to non-e."C.i!lccnt cut"rCfl tfl tlut aprC .lr to be C.:\U:Si'-.l 

by the tid"l e:pty:lns and f!llins of the ha rbor. 

Five drugue-trucki :lS operoti~nd verc conducted 1n } ,.; t1 t R.1y .~",,: .i 
oCf Orote Peninsula (fiRS. 55 thrcugh 59). Hose of tht- ~"OBuC!S mo-,· c.~ .. t 
northward; .and, 1n come case.&. vith cuns1df.!rOlble eddyln~. On 23 F, .. ~t' .. s.ry 
the drogues drifted initially tovard tho eolSC"""60utncllst. but they tu~t..J 
to :;ulrllllel the ~oastline uptJn approd.clllns the i516nd. 

The Ctlrrent dlltlt collec ted in this section is an10lther c.xaorl~ 
of l:he general unsult~bl11ty of bays ilnd other semit!ncloscd u_tor,. t .... ,f 
sewage disposal. The slow eddying of 8urfacf! wters within Agae n.."'Y 
is ill mnrkcd centrnst to the strongo.r, !aore consitltcnt r lev off colh7 f''!. 
POir.t, Orote Pcnin8ul~~ nnd ~aDt4p41o Poiut, A vater anmp11ng pro~r~ 
cor.ducted by the Guam Depar~~t of Public I~elth and Social Servi~c~ 
revealt'"f.' tholt thu a(!,,~ge rueased Bt the Agllt outfall pollutes a 1~ t"1:".:­

area of Ag:lt 8.3y. The. outf:lll nt Tnntllpn lo roint. app~!1rR to be in .. \ 
>lore (D.vorabl~ location. Tb~ prE'v.l.1ting currl!nts ten"! to carry th,~ 
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Fi gura 55 . Drogue ubth'n:vLS tion6 in Asat Section. 22 "'obruary 1971. 
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Flgur.9 56. Progue observat!.Ql\D in AS3t 5~ct1on, 23 Fcbrullry 1971 • 
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Figure 57. Drogue oblarvCl tioUB 1n AgU t Sect1o~. 27 Auguut 1971. 
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J:.~igure 58 . Drogue obse rvations in hg3t Se c tion. 30 AugU6t 1971. 
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urrlu~nt ,",cut alonR thl! r l!~~r.t'd, unpopulnted CO.1st o f Orote: PenInsula 
,,1 lora it 19 ~'lentu411y di.!fpcrtll!d lIy tlu~ fitrong cu:r€!ntc ot r the t11\ of 
the pe •. lnsula. 

J. ~na S~ct1 ~n 

This scction extends from Cabrna Island cn the \lest to Ypao 
P~1nt on the e2~t. T1\c northerly factng const 18 core exposed to the 
northftDst trades [~n the aectlons discusoed previously_ Wnvcs nnd surf 
A10n:'. this coast "'-c re. part1cul.u"ly high durin;; the winter Donths vhen 
the r2jority DC the winds ~ere out of the caRt ~nd northeast. 

CnbrUD leland 1. the propo.ed Dlte for au oc.an outfall. Cur­
rentu 1n this area 'Were investigAted by the 1nsta11.1t10n of current 
maters during both .urveys lind by dyo dlDperai1l .tud1es • 

Current ~Bter '361 W4S installed during the v1nto~ survey on 
a bottom stand in J5 feet (to,7 c etere) of vater upproximately 200 yar~. 
(183 metors) off the northveat tip of Cabrds rsland. Currente durin, tho 
period of installation flowed pr1cl.<rU)· to the vcat at speeds up to O. H 
knot (.295 m/Dec) a. shown in figure 60. Progres.ive vector plots (!1~. 
61) show that the v~8tcrly currents vere n:>t only more frequent but \o."ler~ 
.[ronger and resulted 10 4 con.lscent weAtecly net Qovement. Little 
correlation between tidal changes and shifts In current speed or direc­
tIon Is apparent {ro= thIs data. 

Current meter 1419 V48 instAlled during the auzmer survey in 
about tho SAme locatIon as 1361 but In deeper water at 55 feet (16.8 
morero). Current . peoda (Ug. 62) vore condd. tably less than the ~r •• J. 
rccord~d ,. Iring the winter . Current ~1rcc tlon8 were almost e~ually di­
Vided betwe~n ea~t and wes t. Tva days of the record fr~ acte~ 6419 A~~ 
plotted 1n ! tsure 63 49 progressive vectors and 4 9 current opeed v~r~U5 
tida. Durlr. ~ this per1oJ . d1r~ction~ s hifted bct~~cn northw~at and 
northeAst a.nd resul ted 1\'\ a tll! t northerly drift. Cutt't':nc cpceds 'Jt!r~ 
lov but rCAched Cax~~8 noar l ov tidee. 

Four are lnj ~c tlonG • .. -t! r~ mada during t hr. ·Jlnt e l' r.urvey f:o:: 
the shot'e ndjolcent t o the current nct.er locDt i on . Th1!: dye eovetl rap­
idly towD.rd the 'Uest, initiA l ly 5prelldlng out ul cng tho o l ~orc11nu .. 
TI,eae data are ah",.." in fi gures 64 through 67. On 26 Febrw,ry (fi p, . 6ti) 
dye entered Aprn Harbor At t he juncture of Glass Breakvater and Cabr~. 
Inland. This dye =y have penetrated the breakwater during the opr1n;: 
hi~h tide, Vhich occurred ~~t morning . or it ~y hav~ percolated thrcu~h 
CAvities in the old reef flat on tr.ilich the bre.atul1lter VflS con!lltruct ~d. 
Dya pt. tche.D were tracked on six oc casions du[ ing the sw:z:mt!r aurvp.y 
(figs. 63 through 73). Dye inj ected durins the ria1ns tidc flowed 
rapidly tovord tho veat in .. pattern DilOllar to tha t ob.cn·cd in the 
vinter atudy. Dye injected dur1J1g t :.e falling tide flo .. ed easterly or 
eddied olowly. CoopariBonB of dye diopcxaal data to the curr~~t meter 
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Figure 60. Curr~Dt speed histograms and current dtrf"ct!on 
hiBt~Bracs for the Agana Section in winter including metalS 
~l03. ~ J46. Gnd #362 and a wind rose for t he data p~rlod . 
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data shoW' that currents fl.·ere relatively consistent o~.rer the entire area; 
currents recorded at the. meter corresponded closely to the movement of 
the dye patches. 

Currents in Agan~ Eay were investigated by oeans of three ~ur­
rent meter instal1ation9 nnd dye and drogue tracking. T~o current 
meters were installed duriug the winter survey. Heter 6346 was placed 
on a botto~ stand in 35 feet (10.7 meters) of water about 100 yards 
(91.4 mQters) seaward of the reef margin. It was subjected to heavy 
surf that shook it: off the stand about 3 days after installation. During 
the first 1-1/4 days chis meter recQrded moderate currents. averaging 
leas than 0.2 ~not (.10 m/sec), that oscillated generally east and ~est 
(fig. 74). Early on the afternoon of 17 February, current speeds in­
creased to near 0.5 knot (.25 m/sec) with a constant flow toward the west 
and southwest (fig. 75). This strong southwesterly current persisted 
until the meter failed. Huch rf this stronz current was due to hisher 
wave action £8 water was carried over the reef margin onto the reef flat. 
The histograms illustrate the effect of these two differing data segcents. 
The direction histogram shows a prominent spike toward the southwest 
caused by the strong Burf-related currents. Smaller spIkes toward the 
eaat and west repre.cnt the fint 1-1/4 days of data. A similar situa­
tion exists in the speed 1.iBtogram with the presence of a bimodal distri­
bution. 
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Figure 74. Progrcs!1vc Ve,ctor dlagrc.m 
of current from mctet' 0346 , 0800, 16 
February to 0100, 17 r.br~"=y 1971. 
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Currene meter 0103 ~s ~n!talled on ~n array at the SO-foot 
(15.2-meter) depth. l?ater deptn at this loeati"n ""s approximately 300 
feat (91.4 meter~). During tho 25-day period, current speeds ranged up 
to 0.5 knot (.25 c/.ec), but they vere most frequent in the interval 
between 0.04 to 0.08 knot (.02 to .04 m/s"oj. Host cunento flo.cd to­
ward the "case and northeGst~ Rel~tively few oos ~rvation5 wer~ recorded 
1n a sDuther11 direction. Three it:oolated segmentt: of the data are shown 
in detail fn figure 76. Datn plotted as progres_ive vectors from the 
periods 7 through 8 February and 26 through 27 February show moderate to 
slight currents that flowed northeasterly durin~ ebb and northwesterly 
duri~g flood. The period 13 through 15 rebruary was characterized by 
moderate currents chat flowed consistently toword the east. 

Current meter 0406 was installed in Agana Bay during the sm~~r 
survey. It was placed on a bottom stand in 65 feet (19.8 meters) of 
w4ter near tr.e location of the existing Agana s~\ler outfall. As shown 
in the speed and direction histograms, currents flowed primarily to the 
northeast at speeds ranging up to 0.36 knot (.18 m/sec), but they were 
most frequent between 0.04 and 0.01 knot (.02 and .005 m/s.c). The first 
2 days of these data are plotted as ?rogr~n81ve vectors in figure 77. 
Speeds during this time averaged about 0.1 knot (.005 ",/sec). Currents 
flowed generally northwedt during the rising tide and nQrtheast during 
the falliuG tide. This direc~ional change in concert with '.idal ebb and 
flood is in agreement with the data from meter 0103 (fig. 76) installed 
during the winter season. 

Figures 78 through 85 "how the patterns or dye dispersal during 
the eight dye operations conducted in Agana Bny in August and September 
1971.. Also shotom are the patterns of d1sparoal of sewage plumes fro:il 
the Agana sewer outfall as obsel~ed aad photographed from the air. 
O~ly two of ~he 13 dye patches were observed to travel in a westerly or 
sOJthweoterly dir~ction. Host moved easterly or northaaoter.ly. 'the 
edaying nature of the currenCs in shalla.· wnter ic illustrac2d by the 
patterl..s of dyp, dispersa.l ana sewage dispersal Geen on 1 ~ cptccber (fig. 
82). 

One drogue tracking operation was conducted in this vicinity 
during the ot=er survey (fig. 86). After initIal I:)ovement toward the 
north, the drogues turned and travelled rapidly toward the ea.t. Ihis 
flow pattern apparently was a result of currents caused by strong Wes­
terly winds "hich began ea~ly on 9 September. 

The Cabras Island location appears to have the most favorable 
characteristics within th~ section for placement of a se'olagc" outfall. 
Currents there are relatively consistent and will tend to c' "'1 effluent 
out to sea. Here. a~ elset.lhere t tbe outfall should be positioned to 
prevent the effluent from being carried onto the rccf flat by surf 
action. Cabras Island has the added advantn.gc of being fnr from rec­
reatioual use areas and lu.trDa.n iulbitation • 
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Figure 76. Progreaol\'e vector diagrams of current froiD mC:ter 1103. 
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Figure 83. Dye movement at Agana Bay on 2 September 1971. 
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, 
• 

, , 

, 

1"::'"'J""t :"'-"' ''''·- : ·-;~ ' ,'.-,:;:-' e':J:;K'''":.''~_">''''' .,.."..-"""'~~.-, .~ --- .~rt· . " .. . ". ' . " --" " - -- ~ -~ " '.--- ' " •. -

1 
, 

I 
I 

I 
i • i 
~ 
" • 

) 

'" ... 

IIi'" 

f 
elO 
o 

i;tr 'VA' i CIOO 0'i00 mo r.oo IlOO 200 
ITIMI: IN H:luf:.SI 

I 

\,--= ,,~-

"GANA BOAT BASIN 

UGtHC 

I. IIfJ[CTtO .tCI! 
OISVNtD 1711 __ _ 

D . UU[CTI!:O 1507 
OI$(II'd:P 1711 _ _ _ 

SCAL£ IN MIL£S 

I I 
o ~ 

AGANA AREA 
GUAM, MARIANA ISLANDS 

Figure 85. Dye movement at Agana Bay on 10 September 1971 • 



IS· 
SO' 
H 

PHILIPPINE SEA 

0 
APIIA /fA 11.011 

~ 
AP~CA POINT 

AL.urOll I ... ANDO , 
• 

AD£LUP 
POtNT 

9 S!PTI!IlIItR 1911 

D=tJll. TlI!E. 

seart 1 1000 
EDdl 1425 

Sta", 2 1013 
ED<! 2 1465 

Stert 3 1010 
End 3 COO 

Stert 4 1021 
End 4 1510 

GUAM 
MARIANA ISLANDS 

SCALE 
I I 
I MILE 

Figuro 86. Drogue observationc in Agana Section, 9 September 1971. 

98 

------_ .. -

.. _ _ _ .... 4 __ , .. 

.... - .... 



I 
I 

I , , 

The Agana outfall loc~tion MS the advatltage of proximity to 
the eewage producing areas and resulting lover cost in pipeline con­
struction. However, this outfall places the effluent close Co areas 
of high recreational use, As discuss~d in the Bile and Agat sections, 
currents 1n bays tend to be veaker and to move in circular fashion. 
This tendency results in n longer residence ti~e of the effluent in the 
coastal waters. Also contributing to the eddying nature of the circu­
lation in Agana Bay is the presence of a wide reef flat. ~~ reported 
by Jones and Randall (1971), water is fed to the reef flat by surf 
action across the reef margin creating a buildup of water wnich exits 
through openings in the reef ae the northern and southenl ' ends of the 
bay. Although Jones and Randall reported no present contamination of 
the reef flat by the outfall, the situation after the outfall reaches 
design capacity (approximately six times the present flow) may require 

,8 reevaluation of the suitability of Agana Bal' as Iln outfAll location 
or the upgrading of sewdge ereatment to prev~nc contamiu=Clon of recre­
ational ar'!8S. 

4. Tuman Section 

This section includes the coastline from Ypao Point at the 
southern end of Tuman Bay to Uruno Point. A sewer outfall exiets at 
Saputo Point and plans are to construct an outfall in the Tnnguisson 
Point area. A primary cause for concern is the pODsibility qf sewage 
polluting the recreational I;eaches at Tuman Say and NeS Beach. 

Cunent9 in this area were investiga.ted U!1illg bottom-mounted 
and arrayed current ~eterat dye dispersals, G&d drogues. 

During the ~nter field survey, current meeero ~ere inJtalled 
on buoyed arrays at Tang1.!isson Point and I1aputo Point. Both meters were 
placed at 8 depth of 50 feet (15.2 meters) in 300 feet (91.4 meters) of 
water (fig. 87). The Raputo Point 1.eter (C16G) recorded only a f ew hours 
of data before the i nGtrw:1ent fa,iled. These data are presented in the­
interim report of the winter (aurv6y. Current Gpe~ds f.ra~ the Tauguisscn 
Point meter (0356) ran~ed up to 0.75 knot (.375 mlsec), but they were 
most frequent between 0.05 and 0.25 knot (.025 and .125 m/nec). M~ot of 
the currents flowed northeast and south_est, with nortbeaoterly flow 
betag predominant. Progresu1ve vector pIety do not reveal any correla­
tion between direction of flow and tidal phase. 

Pour current 
summer field survey. 
in figure 88. 

meters were inotalled in the section during the 
Their lucations and the resultant dnta are shown 

Meter #424 was placed on a bottom stand in 120 feet (36.6 .meters) 
of water 200 yards (182.9 roeters) north of Ypao Point. Th~ meter recorded 
relatively alight currenta moetly toward the northern half of the compass. 
Figure 89 .boWD 2 days of the datil plotted as progressi"" vectors. 
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Figure 87. Current speed h1ct(1~ra. .. n and c urrent 
for the Tuman Section i11 t..tinter including meter 
for the data period. 
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During this period, net movement vas to the north through an apparently 
random series of northerly, northwesterly, and northeasterly directions. 
Changes in direction or speed did not seem to be L'elatcd to tidal cycles 
and were probably due to local aeteorologlcal effects. 

Ileter 0423 was placed on a bottom stand off Fafai Beach. It 
was located on a submarine .lope of about 20' at the 100-foot (30.5-
meter) depth. Because the Inscru::le.nc malfunctioned, tae data cannot be 
cQrrelated to time except for stare and end times. Most of the currents 
flowed sQuchvesc.!rly. SpelP.ds were. extremely 1o,"" with a majority of the 
observations at less than 0.1 knot (.05 m/sec) and very few greater than 
0.3 knot (.15 m/sec). 

Current meter #413. installed off Tanguisson Point, recorded 
only 6 hours of data. It was installed on a bottom stll.nd in 50 fe~t 
(15.2 meters) of water. Although it vas functional for only half of u 
tidal cycla, the frequency distribution of current directions is very 
similar to those of meters 0356 and U4l0, which recorded data for 6 days 
and 19 days, respectively. 

Current meter U410 waa installed 200 yards (182.9 meters) off 
Hilaan Point on a bottoQ stand in 70 feet (21.3 meters) of water. Cur­
rents up to 0.4 knot (.20 ~/dec) uere recorded, but most of them were 
less than 0.2 knot (.10 m/.ec). Current directions were roughly parallel 
tn the coastline. A 66-hour period O£ the da!3 is SliO\o,71 in figure 90. 

r---------------------,------~------------~ 

oo5Q,3 S£PTEMSER 1911 
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Figure 90. Progrcsoive vector dicgram of current from meter 1410, 
0150, 1 September to 1950, 3 September 1971. 
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During this period, directions shifted between southwest and north­
northeast resulting in a net westerly drift. The general pattern was 8 

southwest flaw for 3 hours before and 6 hours after each lewer low uater 
of the day with les! consistent flow at other times. 

A total of 38 dye potchee was tracked by helicopter between the 
NCS Beach and Haputo Point (figs. 91 through 104). They indicated cur­
rents flowing up to 0.4 knot (.20 m/sec) usually pr.ralleHng the shore­
line. Between Oceanviev and Haputo Point most of the currents moved 
northeast. Off the liCS Beach and. Tangulsaon Point, floW' was almoat 
equally divided between northea.t and .ou~hwest. Off Hilaan Point, all 
but one of the dye patches moved 8outhweat. The direction of movement 
vas apparently unrelated to the tidal phase. Only one dye patch moved 
aero •• the reef (fig. 98). Thi. patch was from a dye cake placed off 
Taogulsson Point relatively near the reef. Dye was carried over the 
reef by wave action and dispersed on the reef flat. Dye placed off the 
NCS Beach on 29 and 30 August and 3 September (figs. 96, 97, snd 103) 
showed the effects of the rip curreut which carried vater out through a 
break in the reef. This current va. present regardleas of tha tidal 
phase. 

Four drogues were tracked OD 1 September betvcen Tan~uis8on 
Point and A1unt". PoInt (fin. lOS). They all moved south"e~terly along 
the coast at appro><imately 0.4 knot (.20 a/sec). 

An offshore ftouthweaterly flow ia apparent in the data from the 
curren~ meters installed off H1laan Point, Cabras Island, dnd Orote 
Point, and from the drogue tracke in figure IDS. Nearshore currents are 
controlled by a complicated aerie. of eddies from the offshore flov. 
The location and shape of the eddioD at any particular time are deter­
mined by a combination of many factors, the most ioporrant being wind 
opeed and direction, tidal phs.oe t conf:i.guratioQ of the coastline, topog­
raphy of th~ bottom, wave height nnd direct!cn, and the speed and 
direction of the offshore currect. For sewage outfall placement, i.t 15 
necessory to determine at what locations tho eddies are most likely to 
carry pollutL~ts away f~om shore and into the offshore current~ 

For an 9utfall located north of the NCS Beach, the most desir­
able location 18 one with a northerly current. Another consideration 
1. the relatively vide reof flat located betv~en Amantes Point and 
Hilaan Poine. Wnter is supplied to the shallow reef flat primarily 
by the action of V4vea carrying water acrOBS th~ reef margin. This 
wavo actioQ cre4tes a lonsohorQ current which travels along the reef 
flat until a break in the reef io encountered, like the cne near ~CS 
Beach. SCYage carried onto the reof flat would be likely to trsvel a 
considerable distance along ehe beach before beins carried out to aea. 
The dye studies reveal chat north of Oceanvie .. currenta are more likely 
to carry poIlu Cants in the desired direct1on. The ideal location ap­
~earu to be Ague Point. Ague Point is locnted at aome distance from 
the broad reef flat south of Hilaan Point. Dye at this location con­
sistently moved either northerly or directly out to sea. 
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Figure 91. Dye movcmeQt at Tanguioson Point on 24 February 1971. 
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Figure 96. Dye movement at 'ranguissoll Point on 29 AU(ju&t 1971. 
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Figure 105. Drogue observations in Tuman Section, 1 September 1911. 
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5. Ritidian Section 

A single array of current meters was planted 2 miles. (3.22 Jan) 
north of Ritidian Point during the sWll!ller survey. The IIrr .. y contained 
three current meters configured as shown in figure 106. The purpoce of 
this array ~~s to define the currents passing the northern tip of the 
island with the possibility of discovering a strong offshore current 
which would carry sewage away from the coast of Guam. The data from 
these three meters illustrate the extreme variability with depth of the 
currents at this location, and leaves in doube the exiRtenct! of a con­
Eistent 8ewage-~-emovinB current". 

Of the three cu~rent meters on this array. the bottommost meter 
recorded the most consistent and Dost interesting data. This meter 
(#417) was subjected to fIlst, rapidly reversing currents such as "ould 
be expected in a narTOW ch4nnel with large tidal ch4nges. The entire 
record of current speed from this metel is presented in figure 107. 
Shorter segments of the data are shown in more detail in figure 108. 
Currents at 1,165 feet (355 meters) were controlled almost entirely by 
the tides. Maximum speeds reached lows on 30 August and 12 September, 
1 day after the moon r eached fiu t quarter and lagt quart"" (quadrature) 
and the same dny on which the maxiQum southerly and norther ly declina­
tion of the moon occurrt:d. l~eap tides occur L"'ed at these times and are 
reflected in the currents. MaxiQum speeds gradually increased through 
the first week in Septemb,r reaching n high on approximately 6 September, 
1 day after the full m,OOD ( .. yzygy) and the same Jay the moon made its 
closest monthly appronch to eartb (perigee). Spting tides were assoc­
iated wi th these phellOOtena. This bimonthly cycle of changing tidal 
range. (fortnightly periodicity) is reflected with remarkable clarity 
in the current speeds. MnxiQUIlI speeds de-.cribe a &ine curve wlth a 
wavelength of about 14 d~ys. 

Currents floW;'!d nortbwesterly during tbe risjng tide and south­
easterly during ebb. Changes in direction occurred within 10 or 20 
minutea. If the currenta were due entirely to tidal forceD, the speed 
during ebb WDuld equal that during flood. This was not the case. 
Currents were stronger during flood and resulted in & nat northwesterly 
flow. TI,e magnitude snd direction of thiD net flow was determined by 
averaging the entire record through Lbe fortnightly period of 29 August 
through 12 September. 1m average current of 0.157 knot (.079 m/sec) to­
ward the north-northwest resulted. This net flOll is interpreted as the 
influence of the Porth Equatorial Current. 

The surface currents shoved little similarity to thODe st 
depth. Speeda from current meters '420, at 89 feet (27.1 meters), and 
8404, at 200 feet (61 moters}, were congiderably lower, and directions 
~re more variable. A pradom1n2~ee of currente flowod to~~rd the east 
at both depths. Little correlation with tielal infl"encc8 is apparent in 
the data from eitber current meter (figs. 109 and nO). 
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Figure 109. Progreaaive vector dIagram of current fro~ meter 1420, 
1527, 25 August to 1527, 27 August 1971. 
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Figure 110. P·~ogresaive vector dI"sram of current from meter 1404, 
1520, 2S August to 1520, 27 Auguot 1971. 
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The marked difference between currents near the surface and 
those close to the bot toe is a result of the effects of bottom topog­
raphy and the influence of winds and waves upon the surface layers. 
During August a homogeneous mixed layer existed from the surface to a 
depth of approKimately 300 feet (91 meters). This water mass was separa­
ted from deeper layers by a steep themocline which extended to approx­
imately 1,300 feet (396 meters). This thermocline is an effective 
boundary separating surface currents froD.\ those at depth. 

Surface drogues were tracked north of Ritidian Point uuring 
February and August (figures 111 a.~d 112). During February surface cur­
rents appeared to be relatively weaKer; no movement at all was observed 
:; miles (8 km) north of the pOint. Currents within a mile of Ritiuian 
Point showed a more easterly component during both winter and summer 
than the currents further from shore • 

Surface currents north of Ritidian Point flowed against the pre­
vailing winds and opposite. to the North Equatorial Current as ShOWD in 
both the current meter data and drogue tracking. Additional data cover­
ing longer periods of time will be necessary to resolve this apparent 
cont·rlldiccion. Althot;gh the near bottom currents are of i nterest, they 
have little application In sewage pollution problems due to the tendency 
of sewage effluent to rise rapidly to the surface. 
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Figure 11l. DroguR observat1ona in Rit1d1an Section, 24 February 1971. 
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R. Ecology 

The reers studied are frinRinR types with similar topo~rrtphic zones; 
each having a raef flac. reef margin, and r~ef front (terw,lnology after 
Tracey et al., 1955). these study areas are representative of the 
various reef environments found at Guam, and they have t~o definable 
population characceloistics! the genera Chilt comprise the popula tion. 
and the. .frequency In which the genera occur. \lithin a topogrOlphic zone 
the coral populscicn consists of the same genera. however, the frequency 
of occurrence of these genera varies with the environment. Population 
characcp.ristics were Investi~cted by comparing the frequency histograms 
of the predominant corals ",ieilln each quadrat. The papulation charac­
teristics will se~le as a baseline for defining environmental changes_ 
The.e changes 11111 De verified by correlating changes in the individud 
organis~s with general population changes. 

Figure 113 is a composite frequency hist~gram of corals in quadrats 
1 and 3 located on the first terrace .. and figure 114 1s a composite 
frequ~ncy histogram of corals in quadrats 2, 4, and 5 10ca~cd on the 
slope to .the second terrace._ 

~-----------------. ---
Figure 113. Frequency uf occurrence of coral in qu~drats on the 
first t errace of the reef {rant (quad:-ats 1 and 3). 
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Figure ll~. Fre~ucncy of occurrence of coral in qu~drnt9 on the 
second terrace of the reef front (quadrats 2. 4, and 5). 
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1. Bile Bay 

Bile Bay lies in a protected locat1.oD on the southwe9tern 
coast of the island. Sheltered inland by mountains and facing south­
vest, the bay receives few strong \linda and is not subject to strong 
currents. Two streams, the Dile and Pigua, empty into the bay and 
physically c!ivide it into three parts. Both streams flow through 
sparsely populated regions, and they are used by inh3bitancs for some 
waste retlooval. The atreMIa are gener2.11y loW'volume; however, afcC!:r 
heavy rains large sediment plumes extend into the bay. The stre~. have 
caused an impact sufficient to inhibit . corel growth in their direct path 
of floy, and in adjacent nreas they restrict coral growth to gen~ra with 
som~ tolerance to silting. Figure 115 presents a profile and chart of 
the Bile Bay ecological study area. 

The reef at Bile Boy is a narrow fringe 110 yards (100.6 meters) 
wide. The reef begins · at the shore vegetation line and at itG seaward 
limit it meets a sand and silt bottom at the 60-foot (18.3-meter) depth. 
The reef of the boy center, modified by the outflo~ of the otreams, is 
narrow and broken by channels; whereas, the re~f at each end of the boy 
i8 b=oader and more uniform. 

A depth of 1 to 2.5 feet (.3 to .75 meter) of vat~r i. pr esent 
over the reef flat. and b~cause ~f 8 poorly developed algal ridge, this 
water is constantly recirculated. As a result, cor3l growth is rela­
tively abundant. Growth. of calcareous algae are predominant through­
out, vith corals of ~~c genera Pocillopora and Goniastrea scatte~ed in 
the recesses. At its ,eavard edge the algal ridge, Bubjected to surf 
action. is broken by ~pur and groove formations that extend down the 
abrupt reef ma:g1n and onto the f1~8t terrace. 'the floors of the grooves 
are pav~d \lith loose c:rJbbles cmd boulders. Thoe walla of the grooves and 
recesseo bel~een the boulderc provide shelter for corgl a~d numerOUG 
golluscs. At either end of the bey the f irsl.: terrace cxte.ndB from the 
10-foot (3.0-meter) to tbe lO-foot (6.1-~eter) depths a~d sp~ns 10 to 15 
yords (9.1 to 13.7 meters ). The ~nergy of the environQent is mod.r~te 
to high with little sediment present. Coral growth COv~r8 about 50 per­
cent of the reef surface. Ncar ~he mouth of the streams the terrace is 
eroded and irregular. coral growth i~ less, and sediment carpets large 
areas of the bottom. The elope to the second terrace b~g1nB nt ~ depth 
of 20 feet (G.l Detoro) aDd 1. 1 to 10 yard. (6.4 to 9.1 mp~~' a) vide. 
It 6upporta a 1~ur1ouo cural eommun1:y but is restric t ed to gen8r~ 
tolerant of the aore t~rbid conditions and proximity to the ailt bottom 
of the second terrace. 

The primary impoct by man on this environment has been through 
fishing and shell collecting. Since much of the luxurious reef is russed 
in appearance and occurs in les. than 30 feee (9.1 mete=a) of clear 
water, it is appealing and easily ecceaaiblc to the swimmers and 
."orklcrG who vioit th" buy. -

129 

----.... . " ... ~ot.tr .... 14t..~ .. ,,;;. 

.' / , 
J; \ / / 

\ i 
; .. ..,. 



I 
I 

I , 

\ 

60 

Figure 

heE' MARGiN 

-' 
• '.1..:( !'.,-, -r:, ~ .. 

OUAOP.AT I 

~Im • • ' TERnAte: 

75 
DIS':" o\hCe FROM $HOfC£ 

NI----... • • OU:'OJIAT LOCATION .... D HUMBER 

~ PROFILE LOCATIO" 

SCAL.! IN '.IL£S 

F======--==I 
112 

REEf' ,.ItCHT 

~ ... ... . 0 

10 

20 

l-w w 
so~ 

2: .. 
0-.. 

rt£EfI' 
CO" 

T£RIIUNATU 

!IO 

COHO TER'tACE 
4\0 

100 I"" 
IN YAROS 

115. Ar ..... eh:1rt "nd r~ef profile for lIile D6Y eco!ugicGl study .. 

130 

------.----------------------
... .-....... 

.' . ' . 



• 

- - - .. " - -_. • I 

.' 

' .-. 
I " 
" 

, 
I 

• f 
, I 
.j 

I 

L . ~. , "' ..... 

The effect of pollucion on this environment is minim31 and 
probably serves 8a an additional nutrient source. SMall amounts of oil 
and waste pollutants orig1r.ate from the use of the bay for recreation 
and some is probabl}p carried in frO!D Cocos Lagoon, 4 "high-use recreat:f.on 
area . 

Quadrat 1 is on the shallow first terr3ce at depths of 10 to 15 ' 
feet (3.0 to 4.6 metera) in the northern section of the bay (fig. 115). 
Little sand or silt i. present on the rocky substrate. The distribution 
of genera Within the qusdrat 1. preoented in figure 116. The prominent 
coral genera are those that thrive in a silt-free-moderate to high 
energy envit'onIDcnc, and. they 1uclud ~d Hont1pora, Porites, Acropora, 
Pocillopora, and Gonias trea. lllstograms of the coral population are 
presented in figure 117. 

Photocraph. of individual corals were made to monitor natural 
change. in the reef population and to detect changes that could occur 
from pollution. Plates 1 and 2 show the present condition of two small 
coral communities. Plate 3 shows the state of repair of a damaged sec­
tion of a Leptor14 head. The locations of these pboto2rnphs are shaded 
on the apecies distribution chart. 

Quadrat 2 is adjacent to the Bil~ R1v~r channel on the slope 
to the second ter~ace at depths of 35 to 50 feet (10.7 to 15.2 meter.) 
(fig. 115). The dope at the quadrat consists of irregular spurs .and 
grooves with a ste.p 3eaward gradient. Coasiderable sediment blsnketa 
the area &Cd i. especially heavy in tha groove. and deeper sections of 
the quadrat. This sediment has a controlling influence on the population 
of the quadrat. Coral cove:sga in the quadrat is e~derate and confined 
to " few ganera (fig. U8). '1:ho thr ee pro:>i n9Dt g~nera au !:,obophylliA, 
which hns about u 25 parcent frequency of occurrunc~, and Porites and 
Por1t.eo {SynSr8~n)f vh1ch total 26 percent frequency of occu~renee 
(fig. 119). Tho ramaining occurrencea aro by 31 different spacies, 
each with fewor than 8 parcent frequency. 

The predominance of e fev senera within a population i ndicates 
the controlling influences of tho environment, and en alteration in thl. 
popUlation structure will indicate environmental changes. Individual 
spe~1meDs were Dolected 8S onvironmental indicators, and they were doc­
umented for monitoring on future periodic surveys. Specific exampleo 
are presented in plate. 4, 5, 6, end 1. 
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Figure 116. Species distribution chart, quadrat 1, Bile Bay. 
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Figure 117.. FTequency of occ.urrence of coral of.:! 

quadrat 1, Bile Bay, 

Plate 1. Photo 9-8 in Quadrat 1, Bile Bay - Species 
of Montipora. Porites, Bnd Coninstren groving in 
closo upaciel asaoci4tion. 
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Plate 2. Photo 9-9 in Quadrat I, nile Bay - Young 
growth of soft corals grouing a~ound the hard coral 
Astreopora. center and lower left. 

Plate 3. Photo 9-11 in Quadrat I, 511e Bay - Enor­
mous Leptoria head shOving scar of repaired dam~Ged 
section. 
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Species distribution chart, quadrat 2, 'Milo Eay. 
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Figure 119. ·Frequency 
quadrat 2, Bile Bay. 

at occurrence of coral in 

Plate 4. Photo 5-2 in Quadrat 2, Bile Bay - Porites 
(Synaraea) and calcareous algae growth establishing 
on an old growth of Lobophyllis • 
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Plate 5. Photo 5-8 in Quadrat 2, <Bile Bay -
Oulophyll1a, Porites (Svnaraea), and calcareous 
algae growing over an old cor41 rock base. 

Plate 6. Photo 5-10 in Quadrat 2, Bile Bay 
Scrintopora gro.nng on a section of LobophylUa head. 

140 

' . 

, 

.. 

" . 



r 

~, , 
, 
I­
i 
i 

I 
l 
I' 
i 

f 

f 
I 

f 
f ,-

, 
/-

f 
I­
i'-
~ 

"" .. 

Plate 7. Photo 6-5 in Quadrat 2, Bile aay - Species 
of Goniastrea vith basal portions shrou~cd \lith cal­
careous algae. 

2. Sella Bay 

Two rivers, the Sella and the Asmafines, flowing into Sella Bay 
created distinct inner and outer reef environments. These environments 
are an inner bay vith limited coral growth, low 8alin1t1e s ~ and gener­
ally turbid waters . and en outer bay with luxuricll8 coral coromu~1tles 
and relatively claar waCcr . 

Th~ inner bay is defined as thBt part of the reef ~hich is 
severely modified by the streams. Included in the 1r.ner bay ar e a 
debris-laden rocky flat, a low algal rIdge, and a steep reef margin di­
sec ted by ch~nnels and caverns. NearGhore. sediment from the streams 
inhibits coral growth on the rocky flat. At the reef margin the sand 
and 5cdiment are carried through holcs and into the channels. The walls 
of the channels and caverns, where sediment does not collect, support 
caica~eDus algae and the bard corol Porites, which is tolerant of turbid 
conditions and high sedimentation ratas. In the deeper portionG of the 
inner bay {greater than 20 feet (6.1 meters» the silt covered bottom i. 
unsuitable for coral growth. 

Within 500 feet (152 . 4 meters) from the mouths of the .treams 
(the center of the bay) where turbidity diminishes considerably, coral 
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growth is mort: varied with Pocillopora, HOlltipora , and Favites joining 
the ever-present Pori tes. "In the deeper areas of 20 to 30 feet (6.1 to 
9.1 raeters) Porites-cSY;;~r3ea) and Lobophyll1a are found. 

At the entn:ncc to the bay, 1,000 f eet (305 meters) from the 
mouths of the streams, hor.izontal visibility ranges up to 100 feet (30.5 
metera) and water clarity has become sufficient to support vigorouo 
coral growth to depths of 60 feet (18. 3 me ters ). Here, the corals are 
far enough from the mouths of the streacs to be unaffected by silting. 

The first terrace beyond the r!lef margin of th~ outer bay in at 
20- to 30-foot (6 . l- to 9.l-meter) depths " nd several hundred fe~t wide. 
On this terract!: the most abulidant genera are Hontipora. Acropora, 
Pocillopora, Favltes, and enormous heads of Porites. These genera indi­
cate a medium- to high-e~ergy environment as produced by waves on the 
slope. Reef gt"owth continues down a gradual slop"e to a sand and ailt 
terrace at 60 feet (18.3 meters). 

Because of the relative remoteness of chi,s are3. there is 
little human impact on the bay. A few people visit the b2Y fo~ 9ight­
&e~in8 and skin diving . The possibility af marine ~on9truct1on in 
Sella Bay and the develcpmco'. of the Selle River valley is. a primary 
concern. Building roads an~ sbore facillties with subsequent denuda­
tion of the lend would eub&taotially increase the volume of water and 
sediment lead carried by ~he rivers. This would result in major changes 
to the Sella Bay reef coumunity. 

Two quadrats established in Sella Bay on the reef front are 
representative of the .3hall ow- and deep-vAter environ:'lcnts (fig. 120). 
Quadrat 3, in 5 to 15 f eet (1.5 to 4.6 me tero) of wa t e=, is on thu ffrat 
terrace near the edgQ of the ~eef ~arBin . The B~bstr~te of the qundrat 
1s rock with some gr.-coves cnd holes contc.lning small nnOU-:1ts of Golud. 
A photomosaic of the '!uadra t is sh""" in plate 8. Figur" 111 6hov8 the 
distribution of se$911e organisms within the quadrat. 

The cora,.! communities of tbis upper reef front, typical Gf most 
of the first tct'!'4ce. consists of 1!1ii.ny Hontioora, b-SEop0;':!!., .!3!.!!£!!.. 
and Pocillopora. Figure 122 presents hiRtograms of the frequency ~r 
occurrence of corals in this quadrat. Those corAls are also common to 
the firat,terrace at Bile aay; houever, the predominance in quadrct J 
of the "silt-tolerant Fa',ltes and the fewer Coniastrea (not tole"ant to 
silting) indicates an environment more influenced by .1lt1ng. Examples 
of the specimens selected as environmental indicators for this quadrat 
are pictured in pl3tea 9. 10, and 11. 

Quadrat 4, in 35 tn 50 feet (10.7 to 15.2 mete~s) of wntcr, 1a 
about 100 yards (91 . 4 meters) west of quadrat 3 on the slope to the 
second terrace. At the qaadr3t the reef iu U rounded olop~ ~f 30· to 
40·, relatively lmcontaminoted by o~d1Jr.cnC or debris . 
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Figure 120. Area chart sho.n.ng quadrats and ::"" f p::ofila of Sella B.,y. 
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I Plate 8. Photomosaic of Quadrat J, Sella Bay. 
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Figure 121. Species distribution chart, quadrat 3, Sella Say. 
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!l. Specie. distribution cn3rt. quadrat 3. Sella Bay. 
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Figure 122. Frequency of occurrence of coral in 
quadrat 3. Sella Bay. 
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Plate 9. Photo 13-3 in Quadrat 3. Sella Bsy - A 
apee103 of Porites sufforing fro .. predation by f1.sll. 
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Plate 10. 
Spec1es of 

Plate 11. 
specieR of 
a ledge 1n 

," 

Photo 13-4 in Quadrat 3, Sella 
Acropora and Pncil1opora. 

Bay -

Photo 13-7 1n Quadrat 3, Selln Bay - A 
Favites with polyps out thriving under 
silt-la~an h,le. 
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Figure 123 shows the d1stribut10~ of organioMs within quadrat 4. 
The coral communities on tbds slapp are among the most varied and 
luxurious in the leeuard coastal vaters, a condition attributed to 
plentiful nutrients and higb water clarity. A count of the ,.essile 
population showed 1.726 organisms COnsl." . "'~Z of 148 opecies. l'orites. 

" ~. Astreopora, Favitt!s, and }lontipora at'e the most. prominent 
genera as shown in tho frequency of occurrence bistograms in figure 124. 
Plates 12, 13, 14, and 15 are representative photographs ' of 80me of the 

, specimens whieb were o.~ected in quadrat 4 for futute monitorIng of tho 
environment. 

, 

3. Anae Island 

The deep reef south of Anse Island was selected as a control 
quadrat location. Figure 125 presents a reef profile and chart of the 
area. It 1s neither polluted nor near a proposed ocean outfall. Monitor­
ing this environment will belp determine what reef changes sre occurring 
naturally. 

The reef flat, separated from the reef front by an elevated 
ridge, 1s heavily influenced by mud and silt from two small streams • 
The reef margin 1s a %ane of high snergy snd luxurious coral growth. 
This ~one of coral p1nnacleG, boulders, and caverns contains a dense 
population of Acropora, Porites, Honcipora, Hillepora, and calcareous 
algae. The reef front is a broad gradual alope dissected by sand­
filled channels. 

Quadrat. 5 was installed on the reef front 1n 55 to 60 feet (16.8 
to 10.3 ~eters) of water 100 yards (91.4 meters) south or Anaa Islnnd 
(fig. 125). The coral popula tion of quadrat 5 (fig. 126) consi.ts of 
33 species and 542 organisms; fewer than in the otber tyO deep reef fronts 
studied (quadrato 2 and 4). The re880n for fewer corals in lhis quadrat 
is thnt a saud chnnnel comprises a tbird of t:he quadrat <1rCll. The pop­
ulation in thin quadrat is very oimllar to the populstion at quadrst 4 
in Sella Bay; both have Porite~, FaVia, Astreonora, Favites , and H~ncipora 
as the most prominent genera. Quadrats 4 and 5 also are relatively s~­
ilor in depth, wster clarity, and proKimity to B sand bott03. Flgur~ 
127 presents histograms of frequency occurrence of carnIc in quadrat 5. 
The other deep reef area studied (quadrat 2 at Bile Bay) h •• s~ilaritie8 
to quadrat 5 also: rorite.s, }tontipora, and Favia are common thore; how­
ever, Lobophy11Ia and Porites (Synsraea), the most prominent genera at 
quadrat 2, wldcll 1s heavily silted, are inSignificant at quadrat 5. 

Some of the indivi~u.1 orgauiama that were selected from this 
quodrat for photographic doc~entat10n ar~ shown in pInte. 16, 17, 18, 
and 19. Soma of the or8nnisms .elected are. of the sam" ;le.Mra "" those 
selected from quadrats 2 and 4. ThIs selection will enable u future 
comparison of modifications to the. same genet'a from environments wMch 
may be affected by sewage. effluent. 
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Figure 123. Species distribution chBrt, quadrat 4, Sella Say. 
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123. Species distribution chart, quadrat 4, Sella Bay. 
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Figure 124. Frequency of occurrence of coral 1n 
quadrat 4, Sella Bay. 

Plate 12. Photo 26-3 in Quadrat 4, Sella Bay 
growth in GAsocjetion with sponge, and Mont1pors 
~ in competition for space. 

153 

"-" ~ . ... '~ 4 • 

PoritC!8 
and 



\ 

; 

I 
I 
I 
I 
I 
I 

.. 

Plate 13. Photo 26-13 in QU3dret 4, SelIn DAY - Au 
old head of Astreopore thBt has been damaged and en­
croacned on by algae Gad Pocillopor3. 
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Plat~ 14. Photo 26-19 in Quadrat 4, Sella Bay - An 
old head of Lobophyllia damaged exte~sively. 

Plate 15. Photo 27-2 in Quadrat 4, Sella Bay 
lIerpolitha and new groyth of Lobcphvllb in " silc­
laden depr~sGicn. 
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F1~ure 126. Species distribution ch~rt. quadrat 5, Anae Island. 
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126. SpacieD distribution chnrt, quadrat 5, Anne Island. 
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Figure 121. Frequeney of occurrence of coral in 
quac,rat 5, Anae Islarod area. 

Plate 16. Photo 18-3 in Quadr~t 5. Anae IQ1~nd arca 
Species of Astrcopora growing on a dead cornl head and 
existing with algae. 
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Plate 17. Photo 18-6 in Quadrnt 5, . Anae Isl'nd area -
Species of Montipora partially dead in spets probably 
caused from feeding by the crown-of-thorns. 

Plate 18. Photo 18-10 in Quadrat 5, Anae Island area -
A small species of Pocl11opora in an ope~, unprotected 
area .. 
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Plate 19. Photo 18-11 in Quadrat 5. Anaa Island area -
Several species of Porites, some showing signs of fish 
grazing. 

4. Bangi Island 

This study area is a b~"",~. shnllo ... reef flat adjacent to Bangi 
Island. The flat extends 700 ~rds (640 meters) from a sand and mud 
shore to an algal ridge that is a~ash at low tide. A chort and profile 
of the area are shown in figure 1.28. Thl!J rcef tItLt ie characterized by 
the limiting [nctors of high s4;'!';!l~ent level, u'1!=tablc. bottom, Dnd large 
temperature variations. The re~f flat co~unltieB ar~ zoned parallel tu 
the shore, and moat are dominateJ by the mJrlne grass, Zostera sp. From 
the shoreline, these zones are: (1) bnrr.cll, mad nnd sand; (2,- Z09tarOl 
and Pocillopor"!; (3) Zostera, ?~cillopo .. .!!., and Pavonn; (4) Zost·era, 
Pavona, and Poritus; (5) Zoster:a, Porites, and Acropora; (6) Tut'~:dnaria; 
and (7) the algal ridge. Zonations of 8p~cies in reef flat communities 
are common and have been described for siailar Areas by ~Iayor (1924) snd 
Tracey et al. (1964). Generallr. the cor~unities of the reef flat are 
le68 populated than those on ch~ reef front, a condition attr1buted to 
the 11oiti~S environmental factors of the reef flat. 

Quadrat 6 (fig. 129) is located 500 yards (457 meters) from shore 
in a tran9it1on area b~tween t~e Pavona/noc111opora zone and the ~Qvonal 
PoritQS zone. The botto~ covera~e is equAlly divIded between marine 
gro.ss "nd coral and open holes '.'ith sand And gravel. Water depth over 
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the bottom of the holes is 3 to 4 feet (.9 tv 1.2 meters) but only 
inches over the crass and larse coral heads. The grass has stabilized 
the sAnd, but in the holes the sand 1s continunl1y shifting. thus, in­
hIbiting coral growth. The prominent organisms are Pavona, Porites, 
Pocillopora, and Acropora (fig. 130). The sessile population of the 
quadrat covers about 15 percent or th~ bottom and consists of 98 organisms 
of e~ven species. In most instances, coral growrh in the quadrat 1s con­
fined t~ "reBS stabilized by thn grass (Zoste~) and the higher rocl,)· 
arc~s. Som~ coral growth, primarily Pocillopora and ~~. occurn in 
the sand hol~!!', but auite often these corals are partiD.lly dead because 
of the instabl.l.1ty of the substrate. 

Individual organisms were Delected for docQ~entatlon from both 
the grass areas and sand holes. The prominent gene~a for the transi­
tion Zone are reprc9pnted along with genera that characterize a~jacent 
Zones. Pl~tcs 20 s 21. and 22 depict some of these apeci~ens. 

Figure 130. Frequency of occurrence of cornl in quadrat 6, Bangi Island 
area. 

Plate 20. Photo 14-9 in Qundrftt 6, Bangi Island area - Speci~s of 
Pocillopora (center) covercJ with algae attached to a rock in a sand 
hole. Undernenth portions are dead. Dead Acropora and calcareous 
litter surround the area, Porites in bottcm half of ~he photo. 
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Plate 21. 
A specie. 
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Photo 17-7 in Qu~drat 6, Bang! Island area 
of Pavona (center) in a Zostera/sand edg,e zone. 
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Plate 22.. Photo u-a in Quadrat 6, Bang! Island .area -
Species of Porites in backGround 8ho~ing characteristic 
round toadstool base and table top. Pavona and dead coral 
debris in foreground. 
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5. Piti Bay 

Piti Bay (fig. l~l) faces north-northIJest, subjecting it to 
northerly winds and waves, which create strong currents in the outer 
section of the reef flat. Four distin~t environments were observed on 
the reef flat: (1) a mud and grass flat extending from the shore; 
(2) a lagoon 10 feet (3.0 meters) deep with large deeper holes; (3) a 
dhallOlJer central ZODe (the quadrat area) dominated by Porites and 
Alcyonarla; and (4) an outer zone doalnated by Acropora. 

An outfall is located at Asan Point on the northern end of the 
bay, ~nd sewage flows south into and across the reef flat. Additional 
pollutants arc carried into the area by two s [reams which flow througli' 
populated areas. Little is knOlJD about the affect of sewage on a 
coral community. Sargent and Austin (1954) cOllducted " study at Bikini 
on the bloproduction of a coral reef washed by an unidirectional cur­
rent, and they concluded that the community produced more organic m3t­
ter thaD it consumed~ A reef subjected to ~ewage pollution would not 
necessarily derive any benefit from the additional nutrients. Harmful 
effects of chemicals or increased turbi~ity would result 'if concentra­
tiolls were extreme. 

Quadrat 7 is located near the edge of the shallow lagoon about 
1,050 yards (960 meters) from shore (fig. 131). A steady southerly cur­
rent of 1 to 1.5 knots (.5 mlsec to .75 m/sec) flowed through the area 
during the instllllation Bnd survey of the quadrat. The current was due 
to moderate surf. which carried water into the lagoon over the northern 
reef margin. This water exited through one of several channels in P1t1 
Bay • 

The area contains a sessile popul~tiont primarily 60ft corals 
(Alcyonaria) and Porites (fig. 132). The soft c~rals blank',t about 20 
percent of the bottom by ~ttaching to the coral rock · substrate-, and are 
surrollDded by sllud 6 to 8 inches (15.24 to 20.32 centimeters) deep at 
the basal diskn. The 'Porites hf:ads are boulder-size structures that rls~ 
2 to 3 feet (.6 to .9 Pleter) off the red floor and provide a l: tachment 
surfaces for other cor.1ls away from the sand . The population conGists of 
17 apecies totaling 202 organisms of which .6 percent are Porites nnd JJ 
percent are Alcyonaria (fig . 133). This area, with many soft corals, is 
unlike any of the other quadrats. Predominance of the soft corals is 
probably maintained through their tolerance of the shif t ing sand. 

Predominant o=ganisms in lhe sand (p.li1tes 23 and 24) and o ~gl\ll­
isms on the boulders (plates 25 and 26) were selected for documentation. 
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Figure 1334 Frequency of occurrence of cornl in 
quadrat 7. Piti 5ay • 

• 

Plate 23. Photo 33-7 in Quadrat 7. Piti Bay - Alcyonarian 
attached to a rock substrate in a sand-layered bottom. 
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Plate 24. Photo 38-10 in Quadrat 7, Piti Bay - Porites 
(Synarae"a) growth on rock surrounded by drifting sand. 

Plate 25. Photo 33-4 in Quadrat 7, Piti Bay - Porites 
gt'oYing on rock protruding from a sand-layered boctoai:'" 
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Plate 26. Phot o 38-7 in Quadrat 7, Pit! Bay -
Alcyonar1ans and Pori t es growth on a rock protrusion. 
Organisms completely engulf the rock. 

.Tuman Bav 

Its sandy beaches and wide, shallow lagoon make T~on Bay one 
of the favorite tourist sites on the island. Several large. hotels have 
been built along the shore and the Guam comwun-Lty uses the bay exten­
sively for sunbathing, swimming . and fishing. Figure 134 1s an area 
chart and reef profile of the bay. 

Three days of observations were made of the fringint reef at 
Tuman. The reef front had been declcated by the starfish, Acnnthnster 
(croun-of-thorns), and pre9~nted nn ugly view of dead coral buttresses 
and pillars . This reef sector now appears to be 1n an early staee of 
redevelopmen't with sponges, .algae. the coral Gn.laxea. and the hydro10an 
Ilillepora being predominant. The reef flat axtenos 550 yards (503 meters) 
from the shore to the algal ridge and encomp3sses the follOWing zones: 
(1) beach sand and marine grass (0-100 yards (0-91.4 meters»; (2) sand, 
and coral of the genera ConiaBtrea, Porites, and Acropora (100-350 yards 
(91.4-320 meters»; and (3) sand, rock, and coral of the genera 
Pocillopora, Acropora, and Porites. 050-550 yards (320-503 meters)). A 
similar traverse was run by Tracey et a1. Cop_ cit.) before the starfish 
infestation, and comparison of data indicates the reef flat did not suffer 

-
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from the crown-af-thorns invllsion, nor has it been significantly 
damaged by heavy recr~a.tional. use. 

.. 

Quadrat 8, located in the .,Eocillo!>ora, Acropora, and Porites 
zone, is covered by 6 inche;3 to 2 feet (15.24 centimeters to .6 meter) 
of \tinter depending on the tide. Much of the bottom is covered by sand 
and loose coral, especially around the Acropora thickets. Figure 135 
presents the species distribution in the q\~drat. Tne papulation con­
sisted of 226 sessile organisms of nine genera with Pocillopora, 
A~ropo~A. !2!:ites, and Pavona occ.urring most .#'t'equently (fig. 136). 

As in quadrat 6 at Alutom Isla~d. the P~cil1opora clu~ps occur­
rins in the sand were partly dead and covered by algae. Although 
Pocillopora occurred with the greatest frequency, Acropora and the 
.hydrozoan Palythoa actually covered the largest area. Another distinc­
ti~'e organi6m in the quadrat was a cone-shaped dark green sponge. The 
occurrence of Acropora and Pocillopora on the sand substrate indicates 
a high-energy environment. because these corals do not exist with s·and 
or silt unlcs~ moving water is present to clean th~. A strong current 
was moving Houth acrOSR the flat thrC'l'lgh u break in the reef mar~ln. 
Plates 27, 2U, and 29 are representative photographs taken to document 
the existing pop.ulatlon. 
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Figure 135. Species distribution chart, quadrat 8, Tumo~ Day. 
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Figure 136. Frequency of occurrence of coral in 
quadrat 8, Tuman Bay • 

Plate 27. Photo 34-2 
growths of Porites on 
rubble. 
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1n Quadrat B. Tuman Bay Small 
rocka protruding fro~ "aand .. and 
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Plate 28. Photn 34-18 in Quadrat S, Tumon'Buy'- Large 
thickets of Acropora~n sand-covered bottom. -The sand 
also suppo~ts a community of green algae ... 
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Plate 29. Photo 36-11 in Quadrat 8, Tumen Bay - A community 
of Palychoa, i!olothurian, and Acrop·o"ra ~ Porites . and ¥ocillopora 
are growing in the clumps of AcrODora. 

180 

\ 
\ -



/ 

,/ 

) 

IV. COl/CLUSIONS AND RECO}lMENDATIONS 

Bile Bay appeaL's to be- a relatively poor location for a sewer 
outfall. Sewage disch~rged into the bay \01111 be caught by slo\olly 
eddying currents :and will t'ccain in coastal \:aters for long periods 
of time. The most favorable locations with:rn this section would ' 
appear to be at (-'s ept Point and off the. e.'(treine southwestern end of 
Co·cos Island.. It 15 recommended that Hamat:gun Point and Fouha Point 
be investisated as pos~iblc alternatives for an outfall in the Bile 
Bay area. 

The current data collected 1n the Agat section give another example 
of the general unsuitability of bays and other semien closed waters for 
sewage disposal. The slo\ol eddying of surface waters within Agat Say 
1s in marked contrast to the stronger, more consi~tent flow off Facp! 
Point, Orate Peninsula, and Tantapalo Point. · Sewage released at the 
Agat outfall pollutes a large area of Agat Say. The outfall at Tan­
tapalo Point appears to be in a more favorable location. Here, (he 
pre"'°allingO 

c.urrent~ tend to l~arry the. effluent yest along the _rugged, 
unpopulated coast "of Orate Peninsula where it is eventually dispersed 
by the strong curreats aff the tip of the peninsula. 

The Agana outfall location has the advantage of proximity to the 
sewage producing are~~ and resulting lower cost in pipeline construc­
tion. However, this outfall places the effluent close t.o areas of 
~lgh recreational use. Contributing to the eddying nature of the cir­
culation in Agana Bay is the presence of a wide reef flat. After the 
outfall ~eachc9 dc~lgn capa~lty (approxi mately six times the ?rescnt" 
flev) a reevaluation .hould be ·~ade of the suitability of Agana Bay as 
an outfnll location, or 5e~4gc treatment should be ~pgrnded to prevent 
contamination of recreational areas ° l 'be possibility of placing an 
outfall at Cabras "Island to serve the entire centr~ portion of Guam 
and to eventually replace the Agana outfall should 'be investigated. 

Nortn of the NCS Beach, a relativelv wide reef flat is located be­
tween !mantes Point and Hilaan Point. ' .... "lter is supplied to tbis shal­
loW" reef flat -priJnarily by the action· of waves carrying \later 3crOS9 
the reef margin. Wave action. creates .:. longshbre current which travels 
along the reef flat until a break in tbn - r~ef is enccuntered. Sewage 
carried onto the reef flat \oIould bn l1kely to trcvel a considerable 
distance along the bea~~ before being carried out to BeD. Dye scudiea 

, reveal that north of ·Oceanvlev currents are more likely to carry pol­
lutants in the desired direction. The ideal location for an outfall 
appears to be Ague Point which is located at some distance from the 
broad .reef flat south of . Hila~n Point. DYe at tbis location consis­
~ently moved eitber northerly or directly out to sea. 

Surface currents north. of Ritidian Point flowed against the pre­
vailing winds aD~ opposite to the North Equatorial Current. Additional 
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data covering longer pulods of time will be necessary to resolve tlus 
apparent centradiction. Although the near-bottom currents ar~ of 
in,terest', they have little applicatiun in se .... ge pallutian problems due 
to the tendency of sewage eiiluent to ~1se rapid1r to the surface. 

Eight eca-logical quadrats ha-,e been installed in bay areas alang 
the western coast of Guam. Species distribution ~harts of each quadrat 
and phatographs of individual specimens have heen made t.o monitar nat­
ural changes in the reef p~pulation and to detect changes caused by 
pallution. Thase quadrats should be monitored periodically ta detect 
the e{fects ("If continued military and civi 11an. constructi"n .op. the 
island. Additianally, Mare ecalogical investigations shauld be made 
and quadrats installed to include the locations of proposed outfalls 
and future construction. 
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V. CONVERSION TABLES - METRIC AllD ENGLISH UNITS 

-VEI.ocru CON\'ERSIOS- KNOTS TO ;\tETEltS l'En S£COSII 

KnoLl 0 2 3 4 S 0 7 ' 8 U 

1-- -- ----. --
00 •••••••••••••••••••• •••••• ••••• • • • 00.0 OO.S 01 . 0 01.5 112. 1 112. 0 m. l ' 0:1. (i til. I III. (j 
10 ••••••••••••••••••••••• , ••• • ••••• • 0 ..... 2 05. 7 ou. 2 Wi. 7 ui. :!: II; ~ ; n!(.2 UK. 8' 1I~1. :J 119.8 
20 •••••••• •••••• ••••••• • •• •••• • ••••• 10. 3 10. 8 11.3 11.8 12. • 12. !) l :t . . ) ' :1, !J ..... , H.O 
30 •••••••••••• •••••• ••• ••• ••• ••••••• 15.4 16. 0 16. 5 17.0 17. oS IKO I K. 1j 19. J HI.G :!tl. I ~u ___ • _____ . ___ _______ . ______ . __ .. _. 

20.(\ '1. 1 21.6 2~ 1 2"- 7 ~:I. 2 2:1. ;' 2·t 2 :;.1. 7 2.!i.2 
SO_a • • • __________________ ___ ________ 

25. 7 20. " 20.8 27. 3 27. 8 !!R. 3 ~s. A 2!1, :1 2!1. !J :10.-1 
00 • ••• , •• • • •••••••••••• ••• ••••• • •••• 30. 0 :11 . .. 31. 9 :12. .. .1:1. 0 ;':1. 5 :u ,u :1-1. " :15.0 :IS, S 
70 ••••••••••••••••••••••• ••• • • • • •••• JG. 0 30.0 37. I 37.0 38. I :Ul4J :1',). I :m. Ci ·In, 2 ·10.7 
SO .••.••••••••••...• ••• . • •. ••••• •••• 41.2 41.7 .2. 2 .2. 7 4:1. 2 .(:l 8 -It :I "",H -IS, :t -15, 0 
00 .................................. 46. 3 4e. !J 41.<4 47.9 "48. 4 "8. U ·w." ·m. !J W.5 SI.0 

-DISL\NCE CONVERSION-NAUTICAL IiILES TO Y.ILOME'i:ERS 

Hautica1 miles 0 1 2 3 ~ ~ 6 7 8 9 

0 ------- 0.0 1.8 3. ·7 5.6 7.~ 9.' 3 :'1. 1 13.0 1~.8 16.7 
10 ------ 18.5 20 ... Z2.2 2~.1 25.9 27,6 29.7 31.5 33.~ 35.2 
20 ------- 37.1 38.9 ~0.8 ~2.6 4".5 !tG.3 ~a.2 50.0 ~l.!) 53.7 
30 ----- 55.6 57.5 59.3 E I. 2 63.0 6~.9 t6.7 60.6 70." °Z.3 
~O ------ 7-•• 1 ·76.0 77.8 79.7 81.5 83.~ 85.2 87.1 89.U ' 90.8 
50 ------ 92.7 9~.5 96"," 98.2 100.1 101.~ !03.8 105.6 107.5 109.3 
60 ------ 111.2 113.0 11~.9 116.8 118.6 120.5 122.3 12~.2 126.0 127.9 
70 ,----- 129.7 131.6 133.4 135 •. 3 137.1 139.0 1~ 0 .8 1~2.7 1~~.6 1~6.~ 

8~ ----- 1~8.3 150.1 152.0 ,153.8 155.7 157.5 159.~ 161. 2 16 3.1 16~.9 

'. 90' '--=:':::'--=== i'S6:-e 160: 6- 170 : 5 '1'72.4 1"7It .2' 17G.l 177; S" 179.8 181.'6 18 ; : 5 -~ ....... ~ --'"_. 

.' , . 
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• ·OEI'TH cO:-;V~nSIO:-:-·rEET TO ~IETEnS 
- - _ .. _------ -----,------------.-~--.--.. -

F .. , 0 I ~ ~ 4 S " ; 8 ~ 

-------
0. ______ • __ _ . ___ . 

0.0 0.3 0.0 0. 9 1. 2 I. S 1.8 2. I 2.4 2.7 10 ________ ___ _ ._. 
3.0 3.4 3. ;- ' . 0 4.3 4. 0 4. 9 5. 2 S. S :;8 20 _______ • ___ __ _ . 
0.1 (J.4 6. 7 7.0 7. ~ 7.6 7.9 8.2 S.S &8 

30 __ . _. _____ ____ . 
9. I 9.' 98 10. I 10. -I 10.7 II. 0 II. ~ II. (j II. D 

.0. ________ __ •• _. 12. 2 1':. 5 126 13. I 13. " 1'1. 7 14. 0 U . 3 14. G It. V 

SO • . _____ . ____ ._. U . 2 IS, S 15. 8 10. I HLS IG. 6 17. J 17. , Ii. ; III 0 
GO • • _. ___ . _ • • _._. JR:I I~. 6 I 1)( !t 1!1. 2 19. :; 10 8 20. I :!O . .. 20. ; ~I . 0 
70 . . __ _____ __ .•. . 21. !J 21. r. ". D 22 . .:1 22.fi 22. ~ 2:1.2 2:., !i 2:1. 8 2·" 1 
BO. __ • • ____ ._. __ • 24. 4 21. ; :ZO:;.O 25. :\ 2.'i (j 25. fI 2G.2 2G. S 2ii. 8 2;. I 
~o- ________ - - ____ 

27. " 27. ; 2R. 0 2S. :I 28.7' 29. U 2!1.3 2Y. G :!'J.9 30. 2 

100 _________ __ • __ 
:\0. 6- ~0. 6 ~I . I ~1.4 :n. ; a2.0 32. :l :t2, G :\29 :1:1. 2 

lID ... . ••.•. ••• •• 3a.S 3:" S :\4. I :14. 4 34.7 35. 1 35 ... :15. j !U\. 0 :sr,. :I 
120 •••• _____ • ____ 36 G 36. !) a7 2 a7.S 37.8 as. I as. , 38. 7 3~_ 0 39,3 130 _________ _____ 

39. G :ttl. 9 ,o.2 '0. 5 40. R -11. 1 41.5 !UI 42. I 42. , 
140_ . ___ •• _ •.• ••• .2. 7 43. 0 43. 3 '3. 6 43.9 " . 2 44.S 45. I '5. 4 

lSO • . ••• _ ••• • • _ •. 45. 7 IG. 0 "G. 3 '6. G 46. I) 47.2 47. 5 H . D .a. 2 ,a. S 
Ir~. _ . ______ ••••• 48. 8 49. I 49." 40, j 50.0 50.3 50. G 50. 9 SI.2 51. S 
170 ••• •. ••• • _ •••. 51 . 8 52 I 52'" 52. j 53.0 5:J.3 s :t G 53,~ .'''.3 54. 6 
180 •• _ •.•••• . .•. . 5-t. V 5~. 2 51i. 5 55.8 S6.1 56.-1 56. ; ~7. 0 5i. a hi. Ii 
leo_ ••• __ •• __ . _ • • 51. ', I ... 2 sa. 5 58. 8 59. I 59. " 59.7 GO. ° 60 . .. tin. ';' 

200 ..•. • _._ . .•..• (01 ,. 61 . :I Ii 1. r. 61. U 4''1 " 1i2.5 628 ~1. I 6:1. -4 6:1. 7 
'- -

210._ •• _ •••• • •• • • 61. ° (U. 3 1i-l. 6 61. 9 65.2 1i5.5 65. 8 G6. I 1)6. 4 (,n. R 
2~a_ . _____ ~ . ... . . 67. I Gi, -I G7. 7 6& 0 G8. J G8. G G8. 9 mJ. 2 G!J. S G!1. 8 
23O ••.••• ••• ••••• 70. I 70. • 70. 7 71. ° 71. 3 71. U rl . 1) 72.2 72. S i2. 8 
2.0 ••••• _ • •• ••••• 73. 2 n .s 73.S U-I 74., '7-1. 7 75. ° 73. 3 75.6 ;S.9 

2SO ••••• •• _. _ • • • • 715. 2 70.. :I 7G. 8 i7. t it. -4 ;7. ; 78. 0 i8. 3 i8. (; ift tl 
260._ •••••••• •••• 7!l. 2 . .4'!' G 79. 0 80. 2 SU. 5 80.8 81. I 81. 4 RI . 7 1i2. IJ 
270 . • ••••• • • •••• • 82. 3 8'L 6 82." s:t 2 83.5 B:J. 8 84. I 8~ . -I tHo ; M.n 
280 •• ••••• • • _ •••• 85. 3 85.6 86.0 86. 3 80. 6 8G. 9 81.2 87. S 8i. 8 88. I 
290 •• • ••••••• • _ •• 88.' 88.. 69.0 89. 3 R9.6 89.9 eo. 2 00. 5 00. 8 !H.1 

, 
Ft'(;t. 00 10 20 ;to '0 50 60 70 80 DO 

3 .. , • ••• _ • •• _._ ••• 91.4 9-1. 5 97.5 100. C 103. 6 106.7 109. 7 112.8 liS. 8 1ICJ.!I 
'00 •••• _._ •• .•••. 121. 9 125. 0 I~S. 0 1':11. J 1:1-1. 1 1:n-: 2 J·W. 2 1-1:;: :1' 1-t6. :l l·m"; 
600 •.••• _ •• _ ••• _. 152. " 155. " 1515. 5 161. 5 IfH.6 167. G J70.7 173.1 17a. 8 Ii!" 8 
600._ ••••••..••. . 182. 9 '185. 9 18' . n 1'J2. 0 195. 1 19& 1 201.2 20".2 201. :J 210.3 
700 • • ••••••••••• • 213.4 210.. -I 219. 5 2~2. 5 225. G 225. 6 231. G 23-1. 7 2~7. '1 2.&0.8 

Sta. _. ___ ._. __ ._ . 243. 8 2-1G. 9 2,9. 9 253. 0 250.0 25!1 1 2G2. I 265.2 268. 2 271. 3 
900 •• _ •••• _ ••••• • 274. 3 277. " 280. " 28:l.S 2BG. S 289 r. 2!Jl.6 29S.7 298. ; :;01.8 

- .-

100 I Fee' I 000 200 300 .00 50U 
I 

GilD 700 800 900 ! 
) - ------ ' m! 1,000 . ____ .• _. ___ _ 305 333 J66 3M 0127 4as SI8 SI9 .579 

2,000 ••• _ ••••••••• lilO 640 671 701 732 7d2 792 6:13 ~ 8S. 
3,GOO ••••. ....••.. 911 9-1;' 975 1.006 1. 0:16 1. 067 I. <Y.l:' 1, I2g I, ISS I. IS~ 
1,1Y.lO ••••••••••••• 1,219 1,233 I, 2St1 tt3 n 1,311 . 1, 3;2 1, ... ,,2 I, -I!1:t I. -aC3 1. -a ~ , 

5,OOO ••• ;._.~ •••• I, S2' 1. 354 1,5SS l,tH5 1, 646 1,6:'6 I. ;0; 1, ;3; I, 7~8. I, ;98 

6.000 .•.. •••...•.. I, &29 I. S59' 1. 890 I. fj20 1. 95 1 I. !lSI 2, 012 . 2. C).I:! 2. 0';':1 :!. IO:l 
;.000 .••• ___ .~ .. _. 2. 13. 2. 16-& 2, 19.\ 2, 225 2,256 2.286 2.31G 2. 3·lt 2. :l77 2, -108 

8,000 •• __ ••••••••• 2. 438 2.-169 2. -199 2. 5:10 2.5611 !l, 59 1 2, G21 2.G52 2. GS2 2.7I:l 
9,000 • .. ___ •. _. _ •• 2, ; .. 3 2. ;;-1 2,804 2; 83S 2,S65 2. S9G I 2.92G 2, 'J57 2.987 3,018 

-
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